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We are sending out to the world the Fourth Volume of 
our Studies. It is encouraging to find that our Departments 
are becoming increasingly active in research Avork. In fact, 
for the present volume we have had more papers than we 
could print; and we have been forced to hold over a few for 
the next volume. The Vice-Chancellor thanks his colleagues 
in the University for this generous response towards an under- 
taking which he hopes will bring credit to the University. 
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Zoology Department, University of Allahabad (India). 

INTRODUCTION. 

The object of this paper is to awaken an interest in the 
works of Parat and his collaborators on the Golgi apparatus 
among the English-speaking cytologists and- such others 
who either owing to paucity of literature or ignorance of 
continental languages are precluded from following the discus- 
sion that has been going on for the last 3 years as regards the 
homology of the Golgi apparatus and Vacuome. The necessity 
of explaining Parat’s views becomes imperative because of the 
fact that even now many of the contributions on the subject 
in English show complete ignorance of the existence of a 
series of interesting papers written by Guilliermond, Parat 
and his collaborators. The Vacuome theory as propounded 
by Parat has been the subject of a great deal of discussion 
at the last two “ Reunion (Turin and Liege) of Association 
des Anatomistes.” Adhemrts to Parat’s view about the nature 
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and function of Golgi apparatus are increasing in numbers 
and it is high time that we put to the test the ideas held by the 
French School as regards the structure of this cell organ, and 
expose them if they ai’e found, to be a fraud. If, on the 
other hand, they are found to be nearer the truth, it is but 
fair to give them a proper place in scientific literature. 

This paper was originally written in the department of 
Anatomy and Histology, Sorbonne, Paris, in 1925. Through 
pressure of work and various other causes, its publication has 
been unusually delayed. I have pleasure in expressing here 
my indebtedness to Dr. Parat. for criticisms and for placing 
his personal library at my disposal and to Professor J. Bronte 
Gatenby for going through the manuscript of this paper. 

HISTORICAL ACCOUNT. 

It is now a well-known fact that in 1898, the great 
Italian neurologist Camillo Golgi (41) discovered and described 
for the first time the “ apparato reticolaro interne ” in the 
neurones of the central nervous system by the silver nitrate 
methods. Holmgren (46) and Nelis (64, A.) and others in 
1899, put in evidence a system of clear canalicules in a large 
number of cells. Their marked resemblance of form and 
position with- the Golgi apparatus led Cajal to call them 
canalicules of Golgi-Holmgren. Golgi himself seems to have 
givaa it a name provisionally, but his pupils and admirers took 
it literally and gave it the bewildering and misleading name 
of apparatus of Golgi. Veratti (1899, 92) obtained results 
rimilar to those of Golgi by silver nitrate methods. Ballowitz 
(2) in 1900, described the “ Centrophormies ” in the posterior 
epithelium of cornea and compared them witli the apparatus 
of Golgi. A little later Kopsch (1902, 49) obtained very 
interesting results by the osmium technique invented by him. 
BGs -work was considered to be of such importance that Weigl 
(93) and others called this newly discovered cell organ Golgi- 
Kopschm Apparat. Von Beigen (6) in 1904 obtained 
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results confirmatory to those of Kopsch by the osmium tech- 
nique. The Golgi apparatus was subsequently described by 
Pensa (1901 — 1914, 81, 82, 83) in supra-renal bodies, cartilage 
cells, and plants, Negri (1899, 64) described them in gland 
cells, Stropeni (1908, 89) in liver cells, Perroncito (1910, 84) 
in sex cells, Marcora (1911, 55) in degenerating nerve cells, 
Sangiorgi (1909, 86) in kidney, Barinetti (1912, 3) in its 
(Golgi apparatus) position relative to eentrosome, D’Agata 
(1910, 24) in stomach epithelium, Biondi (1911, 9) in choroid 
plexus, Corti (1913, 19) in the intestinal epithelial cells. 

Prenant (1888) was the first to describe the osmic aeid 
method as suitable for the detection of bodies akin to the Golgi 
apparatus. By prolonged action of osmic acid (2%) on the 
cells of Gastropods (Helix and Arion) he demonstrated that 
“platten” called “nebenkern” were visible. The credit, how- 
ever, must go to Kopsch (49) who in 1902 definitely stated 
that the osmic (2%) method was suitable for the detection of 
Golgi bodies. Von Bergen (6) in 1904, used osmium material 
to show systems of filaments in a network described by the 
Italian School. Later, in 1906, Sjoval (88) described the 
Golgi apparatus (osmium method) in the somatic cells and 
eggs of mammals. Eam6n y Cajal (16 — 18) with his pupil 
Fananas (1904 — 1915, 31) studied the Golgi apparatus in 
embryonic cells. Pensa (1913, 82) showed the development 
of the Golgi apparatus in the course of ossification, followed 
by Cajal (1915, 18) and Deineka (1916, 28). 

Thus we see that even so far back as 1912, a number of 
workers had carried on cytological investigations on a variety 
of tissues in the animal body. They laboured however under 
great difficulties, for cytological technique as it is known at 
the present day was unknown then and natm-ally rather crude 
methods were employed to detect the various cell organs. 
Modern Cytology may be said to have grown within tire last 
15 years. During this period a series of interesting papera 
by Gatenby, Hirschler Duesbeig, Cajal, P^penheiifi««v. 
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Cowdry, Ludford, V. Nath, Brambell, Da Fano, Bang, Tello, 
Berenberg-Gossler, Morelie, Kopseh, Kolatchev, Bowen, Sagucbi, 
Nassonow, Parat and others have been contributed to elucidate 
the nature and formation of the apparatus of Golgi in somatic 
and germ cells. 

THE GOLGI APPARxVTUS AND VAOUOME. 

According to the views held by the majority of Cytolo- 
gists, the Golgi apparatus exists in cells in the form of 
filaments or a close network in the early stages and generally 
juxta-nuclear in position. The network later breaks up and 
gives rise to varied forms of Golgi bodies. Regarding its 
chemical composition very little is definitely known. It is 
generally believed that at least a part of the apparatus is lipoid 
in nature. Gatenby thinks that the constitution of the ap- 
paratus is rather analogous to that of mitochondria, i.e., proteid 
combined with phospholipoids. Bowen thinks that they are 
made up of two things, the one colouring lightly and the other 
strongly. Cowdry is of opinion that the space occupied by 
the Golgi apparatus is of a liquid nature. Parat and Bergeot 
(74), however, claim that in the epithelial cells of the intestine 
and the stomach of Amphibians, the Golgi apparatus cannot 
be considered to be of the nature of lipoids. Again, the Golgi 
apparatus is generally supposed to be a structure of varying 
form, in many cases crescent-shaped or ring-like, containing 
a specialised area of cytoplasm in its interior which goes by 
the names of “archoplasm,” “sphere substance,” “idiosome,” 
etc. 

During the last three years, Parat (06 — 80) with his 
collaborators has shown that the Golgi apparatus which lie 
calls Vacuome, as revealed by “coloration vitale,” in its 
natural condition is always spherical in form. Parat believes 
that the varied forms of the apparatus so far described are 
artefacts caused by tire action of strong fixatives. He goes 
further to add that the close network of the apparatus in ifs 
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early stages results from the running together of Golgi bodies 
and mitochondria under the influence of certain fixatives. Parat 
and his collaborators have used both the classical fixatives and 
vital examination metliods side by side and have come to the 
conclusion that the Golgi bodies and Vacuome are one and the 
same structures. In coming to this conclusion the methods 
found most useful were Kolatchev-Nassonow osmium 
modification and Parat’s neutral red solution. 

Eegarding its constitution Parat believes that the contents 
of the Vacuome are of the nature of solutions of crystalloids, 
in many cases with a little colloid, the liquid being acidic in 
reaction. This is, in essence, Parat’s Vacuome theory, which 
differs markedly from the views held by most of the leading 
Cytologists on the nature and constitution of the Golgi 
apparatus. 

The Vacuome theory dates back from the time when 
Dangeard (1916, 25} described it in vegetable cells for the first 
time. Later Guilliermond (1920,42) and Mangenot (1922,44) 
gave a proper interpretation to the vague ideas of Dangeard 
and homologised the Vacuome with the Golgi apparatus. 
Guilliermond’s subsequent contributions on the occurrence of 
Vacuome in plant cells will ever remain a work of classical 
importance. Parat and Painlev^ took up the cue from 
Guilliermond’s work in 1923, and described the oecmTence of 
the Vacuome in animal cells for the first time by vital 
staining methods. As already stated above, they have since 
been able to homologise the Vacuome with the Golgi apparatus 
in animal cells. In 1924, A. Corti (21), a disciple of Golgi, 
demonstrated by a modified Eegaud’s method, the existence of 
vacuoles which he calls “Lacuonome,” corresponding to the 
Vacuole described by Parat and Painl4vd K Chlopin (1925) 
confirmed these ideas upon the liver of axolotl in tissue cultures. 

Further, the examination of salivary glands, pancreas, etc., 
has led Parat to the conclusion that the apparatus of Golgi is 
constituted by a system of vAcuoles (Vacuome) in which 
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“granules de secretion” are produced by condensation. These 
grains when formed lose their power of eolourability by neutral 
red, which according to Parat is the best colourant for an 
iriti'a vitam demonstration of Vacuome. 

DISCUSSION. 

The question now arises whether the Golgi bodies as 
revealed by tlie aid of the classical fixatives and the Vacuome 
so easily coloured by neutral red (colouration vi tale) are one 
and tlie same structures, or are they different formations 
altogether. Lately I have been working in collaboration with 
Dr. Parat on the eggs of certain Ascidians^ and Amphibians.* 
We injected neutral red into the epidermis first and afterwards 
intra-peritoneally quantities varying in all from 8 to 12 c.c. 
Within a few days the ovary becomes well impregnated with 
neutral red, and is ready for vital examination. Sometimes 
we have fed animals with neutral red through the mouth and 
we found they were none the worse for it. We made sketches 
and took microphotographs of our vital examination slides. 
We fixed ovaries by classical fixatives also. The methods 
that gave us complete satisfaction were those of Nassonow 
and Dietrich. We tried other classical methods also, but 
found that they caused distortion of Golgi bodies to some 
extent or other. By comparing the pictures obtained by 
vital staining and by the dassical fixatives mentioned above, 
we found that the Golgi bodies in the animals examined by us, 
were invariably spherical in form never changing shape and 
occupy nearly the same space and relatn^e position as the 
vacuoles (Vacuome) obtained by the vital and post- vital 
examinations. In the early stages of the development of the egg, 
these bodies occupy a juxta-nuelear position and along with tlie 
mitochondria generally form the characteristic crescent-shaped 

* Asoidia mentula, and Oiona intestinalis. 

* Triton oristatus and Triton marmoratus ; 

Alytes obstetrioans ; Rana temporaria. 
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yolk-nucleus of Balbiani. In later stages this dense cloud 
disappears and the vacuoles (Vacuome) arrange themselves 
more or less in a peripheral layer. 

Subsequent to my arrival in India last year, I set 
several of my pupils to work upon the cytoplasmic inclusions 
in the eggs of a variety of animals. We tried the usual 
classical fixatives and the methods advocated by 

Parat (73) and Gatenby (39). In all the animals examined 
by us so far, e.g., the common Indian earthworm (Pheretima 
posthuma (87), the pigeon (27) and a variety of other birds, 
the common Indian toad (57), Varanus and Lacerta, it was 
found that the Golgi bodies were spherical in shape, at least 
in the later stages of development In earlier stages they are 
granular and their exact shape is difficult to determine. 
Ludford’s latest modification of the osmic acid method (53) 
is undoubtedly the best fixative we could lay our hands 
upon. It has always given us satisfaction. A comparison 
of the pictures obtained by the usual fixatives and the 
wet methods of Parat and Gatenby lead me to think, 
firstly, that the Golgi bodies are spherical in shape, secondly, 
that the Golgi bodies and vacuoles (Vacuome) are homologous 
structures. 

It is interesting to note here that in December, 1925, 
Nassonow in an interview, after a practical demonstration by 
Parat, in the department of Histology, Sorbonne, Paris, 
admitted that the latter’s ideas as regards the Vacuome were 
substantially correct. Nassonow, however, thinks that the 
membrane of the Vacuome — -which according to him is the 
homologue of the membrane of Protozoan excretory vacuoles 
(1924, 60) represents the Golgi apparatus. It seems to me that 
Nassonow is making a sweeping generalisation on the 
examination of a very specialized case, the one of the Protozoan 
with excretory vacuol^ which can hardly be homologised with 
all the other cells of Metazoa. I may also mention here that 
Vishwa Nath and his collaborators in a series of papers 
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recently published (61, 63) seem to be inclined to the view that 
the Golgi bodies are ring-like or spherical in shape. Vishwa 
Nath (62, 63) seems to have a distinct leaning towards Parat’s 
Vacuome theory. The Vacuome theoiy has already been 
admitted by Corti and N. Chlopin. It appears thus, that at 
least in certain animals (vide the types mentioned above), the 
well-known Golgi bodies and the Vacuome of Parat, Painleve 
and Guilliermond are very likely homologous structures and are 
always spherical in form. More work on the above lines on a 
large number of types is urgently needed to put an end to the 
interesting controversy that has been raised as regards the 
homology of the Golgi body and the Vacuome, by the 
important contributions of the above-mentioned French 
Cytologists. 

CONCLUSION. 

The examination of cytoplasmic inclusions in the 
oogenesis of a number of animals, leads me to conclude : 

(1) That the Golgi bodies are granular and acquire a 
juxta-nuclear. position in the early stages of development of the 
egg- 

(2) lhat the juxta-nudear Golgi complex is probably 
the result of the Golgi bodies and the mitochondria running 
together under the influence of strong fixatives and thus 
producing artefacts. 

(3) That in the later stages of development the Golgi 
bodies are spherical in shape 

(4) That the Golgi bodies and vacuoles (Vacuome) of 
Pai’at and Guilliermond ai-e very likely homologous structures. 

(5) That so far as fixatives are concerned the shape of 
tlie Golgi bodies is best preserved by Kolatchev-Nassonow 

method, and Ludford’s latest modification of the osmic acid 
method. 

(6) That the neutral red technique of Parat is undoubtetl- 
ly the most convincing of all the methods for the demonstra- 
tion of vacuoles (Golgi bodies)* 
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(7) That the homology of the Golgi body with the 
Vacuome can only be established by examining side by side 
slides made by the intra vitam method and classical fixatives. 

TEOHNIQUJB. 

For vital staining, it is essential that a very good quality 
of neutral red is used. 1/500 neutral red (Krall) in 6/1000 
physiological salt solution, in proportion of 1 to 500 
volumes respectively is placed in bath at 38°C. for 12 hours 
or so. The above should be mixed before use with an equal 
part of Janus green 1/500 in 6/1000 salt solution. Sea 
water replaces Janus green equally well. Janus green by 
itself is not a good specific either for Golgi bodies or even 
for the detection of mitochondria for after a quarter of an hour 
it becomes harmful and causes vesiculisation and fragmentation 
of the chondriome. By prolonged action it can colour 
Vacuome also, and thus confusion between the two structures 
is caused. What are generally labelled after such an examina- 
tion as Golgi bodies, may in reality be Vacuome or Golgi 
bodies together with broken-up and vesieularised fragments 
of Chondriome. Neutral red is, however, a specific for Golgi 
bodies, for it colours Golgi bodies alone and nothing else. Even 
granules of secretion when fully formed are not coloured by it. 
Soon after the Golgi bodies are coloured by neutral red, 
Janus green can be introduced under the cover slip cautiously. 
Generally within a quarter of an hour, sometimes after 
prolonged treatment, mitochondria make their appearance. 
They do not, however, last long, and as I have already said 
fragmentation and distortion sets in. The stage may be very 
transitory and short-lived. Only a close application and 
diligent search under the high power of tlie microscope will 
show it. It sometimes happens that mitochondrial filaments 
become visible, but as soon as the class is called to witness the 
great event, the green colour disappears and disappointment 
results. 

2 
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Fixatives used : — 

( 1 ) Nassonow modification by Parat and Painleve 

Ki Gri O 7 ... 3 ^ ... 2 vols. 

Acid, Chromic ... 1 ... 2 vols. 

Acid, Osmic ... 2 ^ ... 1 vol. 

Fix for 6 — 24 hours ; vrash in water 18—24 hours ; transfer to 
Osmic acid 2 ,% for 12 days ; sections to be cut 3 — thick. 
Bleaching by Henneguy’s method ; staining by Altmann- 
Kull technique. 

Henneguy’s bleaching method is very useful for removing 
the blackness of over-osmicated material. It consists in 
washing slides rapidly before staining in a 1 ^ aquous solution 
of potassium permanganate, and afterwards in a 4^ solution of 
oxalic aeid. The bleaching should be controlled under the 
microscope. Sometimes over-osmication is an advantage for 
in certain cases, Golgi bodies take in their characteristic black 
colour, long after the fat bodies have been blackened. 

( 2 ) Dietrich after Parat and Bergeot. — 

Fix in Regaud’s fluid (bichromate-formal) or better still in ' 
Helly’s fluid for 24 hours ; afterwards in a saturated solution 
of potassium bichromate at 38°C. in the bath for 48 hours ; 
wash in water for 12 hours ; stain in haematoxylin. 

Haematoxylin in a little alcohol ... 1 gr. 

Solution acid acetic 2 % in water ... 100 c.c. 

Difierentiate in Potassium ferricyanide solution of Weigerl. 
This method gives a negative result for Golgi bodies, for their 
presence is indicated only by vacuoles whereas lipoids such as 
mitochondria and yolk are stained black. 
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1. INTRODUCTION. 

The abundance of Reptilian types in India affords a vast 
field for cytological reseiirch. For some reason or other, not 
much work has yet been done from the modern cytological 
point of view on this group. Dr. Bhattacharya (3) worked 
out the Cytoplasmic Inclusions in the Oogenesis of certain 
Tortoises and Lizards. It was with a view to fill up this gap, 
that the present work has been undertaken at the instance of 
Dr. Bhattacharya. This paper, therefore, attempts only to give 
a preliminary account of certain Cytoplasmic Inclusions in the 
Oogenesis of the common Indian lizard, Calotes versicolor. 
A general review of the formation and behaviour of Cyto- 
plasmic Inclusions in various groups of Reptiles is in course 
of preparation, by one of us (S. K. D.). Calotes offers an ideal 
type for work of this kind as it is found in abundance and 
keeps well in captivity for a very long time. 

The work was originally undertaken by one of us 
(S. K. D.) till the other author (J. J. A.) who had been inde- 
pendently working on the same problem arrived at Allahabad, 
with a view to completing the work under the guidance of 
Dr. Bhattacharya in the Zoological Laboratory of the University 
of Allahabad. As both the authors happened to be working 
on the same problem, and at the same time, it was suggested 
that they should collaborate. The major portion of the woiic 
was thus done at Allahabad. 

We have pleasure in recording here our sincere thanks to 
Dr. Bhattacharya for his kind advice and criticisms during the 
course of the work, and for offering us all facilities in looking 
up literature on the subject 

2. MATERIAL AND TECHNIQUE. 

The matei’ial consisted of ovaries from thirteen female 
lizards. The time taken in the taking out of ovaries and 
putting them in the fixatives never exceeded a couple of 
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minutes. This naturally precluded the possibility of the 
cytoplasm undergoing appreciable disorganisation. 

The ovaries were fixed in two lots— one by Da Fano’s 
(7) Cobalt-Nitrate method and the otlier by Ludford’s 
(14 and 15) latest modification of the Osmic method. Luckily 
these two methods gave us the desired results, although we 
tried several other methods also. 

Sections 6j«in thickness were cut in the ease of material 
fixed by Da Fano’s method and 4/i thick in the case of the 
material fixed by the osmic technique. Serial sections were 
made of both kinds of material. 

Silver sections were toned and stained in Safranine and 
Light Green which did not always prove very successful. The 
remaining slides were stained in Iron Haematoxylin which 
gave very satisfactory results. Both toned and untoned slides 
were also mounted unstained for purposes of comparison. 

Ludford’s technique gave us excellent results. The time 
for post-osmieation was prolonged to three weeks, since one 
week was found to be rather insufidcient for our purpose. The 
Golgi bodies in this animal seem to be less osmiophile and a 
little over-osmication proved advantageous. This material 
was bleached by Henneguy’s method in 1 aqueous solution 
of potassium permanganate and afterwards in solution of 
oxalic acid. Sections were treated for various lengths of time in 
turpentine to remove the fatty substances, and afterwards stained 
by the Champy-Kull technique (18). Unstained slides before 
being treated by turpentine showed fatty yolk admirably. 

We tried also the Intra-vitam method as suggested by 
Parut (22) but did not meet with much success. 

3. THE DISPOSITION OF THE GOLGI 
BODIES IN THE OOCYTE AND IN 
THE FOLLICULAE EPITHELIUM. 

In the young oocyte the Golgi apparatus acquires the 
usual complex form as a compact massive structure situated 
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adjacent to the nucleus (Figs. 1,2,3, 4). In silver preparations 
it takes the form of a very dense mass of minute spherical or 
disc-shaped gTanules (Figs. 1 and 3) lying in a comparatively 
denser area which has been described by D’Hollander (6), 
Gatenby (8 and 9), Bhattacharya (3), and others as the “ Yolk 
nucleus of Balbiani.” This area in subsequent stages acts as 
a focus of growth and dispersal of Golgi bodies. It is probably 
homologous with the centrosphere ai’ea which Brambell (2) 
shows so clearly in the bird. We have, however, found no 
trace of a centrosphere in this area. Another peculiar and 
unusual feature was the presence of two such areas juxtanu- 
clear in position lying on opposite sides (Fig. 3). A reference 
to the photomicrograpli of Figure 3 will show that one of these 
Golgi foci is larger than the other. Whether the smaller one 
originates independently of the other or is a part of the older 
and larger specialised area (yolk nucleus), we are unable to tell, 
as we have not been able to find any intermediate stages. 

Brambell (2) in the bird has shown the occurrence of 
several such foci in the oocyte of a six weeks old chick and 

described it as an abnormal arrangement of Golgi bodies. 

The osmic preparations also revealed the same structures 
with this difference that the second small patch of yolk- 
nueleus(?) or denser archoplasmic area was not found in any 
of the stages examined by us (Fig. 4). - 

Under high power the Da Fano sections show the presence 
of a dense area apparently packed-full of Golgi bodies, inside 
the yolk-nucleus region, surrounded by a comparatively 
lighter area (Fig. 3). The exact shape of the individual Golgi 
bodies inside the denser area is difficult to make out even under 
the high powers of the mici-oseope (Fig. 3, Gi). 

At this stage the dispersal of Golgi bodies from the 
original focus goes on at a rapid pace. All tiaces of the two 
denser areas soon disappear. The cytoplasm acquires a homo- 
geneous appearance with the Gol^ bodies which now appear 
as granules, distributed all over its surface. It appears thus, 
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that the Golgi bodies after acquiring a certain amount of 
growth undergo disruption into dust-like particles, now in- 
numerable in number. This period also marks the zenith of 
the formation of fatty yolk described elsewhere. The Golgi 
bodie.s tend to become smaller and smaller in the medullary 
region of the egg, but in the peripheral region a cortical layer of 
larger Golgi bodies becomes regularly arranged. Golgi bodies 
large enough to be visible under the low powers of the microscope 
are not found outside this peripheral region of the egg. 

At about this stage or even a little earlier the follicular 
epithelium seems to emliark on a phase of great activity so 
far as the Golgi bodies are concerned. Golgi granules are 
seen to mass together in the cells of the follicular epithelium 
adjacent to the Zona Eadiata. Then they are expelled from 
the cells and pass on their way to the egg through the Zona 
Eadiata which in Da Fano preparations appears as a strik- 
ingly transparent space between the follicular epithelium and 
the egg. (Fig. 6). Eegular stages of the Golgi granules^ passing 
from the follicular epithelium to the egg can be observed in 
various places under the high powers of the microscope 
(Photomicrograph Fig. 6). Once arrived at the cortical region 
of the egg they seem to confine themselves mostly to this 
region. The innumerable dust-like particles of the Golgi 
bodies in the cortical region of the egg give it a very char- 
acteristic appeai'ance and afford a great contrast with the trans- 
parent medullary region of the egg in slides treated with 
turpentine. The ultimate fate of the cortical layer of the Golgi 
bodies is difficult to trace out as they tend to become irregular 
in .shape and break up into ultramicroscopic particles. 

4. FOEMATION OF YOLK. 

At the early stages of development inside and around tlie 
yolk-nucleus area small fatty droplets begin to make theii- 
appearance jpctW pass with the growth and dispersal of the 
Golgi bodies in this area. , These fatty droplets begin to increase 
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ia number and spread themselves out throughout the cyto- 
plasm. On a close observation under the high powers of 
microscope it is found that these fatty droplets undergo 
development in close association with one or more Golgi 
granules. Sometimes Golgi granules are found situated on the 
surface or on the rim of a developing fatty droplet; while 
occasionally they may be found even inside the substance of 
these fatty discs or spherules. It is difEcult to say whether the 
Golgi bodies undergo dhect ti’ansformation into fatty yolk or 
whether in some indirect way they contribute towards the 
formation of these fatty droplets or yolk. These fatty droplets 
reduce osmic acid easily and acquire the black colour very 
readily. They are also easily decolourized in turpentine thus 
making it possible to differentiate between these and the larger 
Golgi bodies. There seems to be little doubt that these black 
spherules which Ludford (16) calls fatty droplets and Gatenby 
and Nath (9) identify as fatty yolk are ultimately derived 
either directly or indirectly from the broken-up Golgi bodies. 

True yolk bodies, though apparently fewer in number, 
in the stages, so far available to us, also make their appearance 
at a stage when the yolk nupleus of Balbiani disappears and 
the fatty yolk is fairly well established. As the short time 
at our disposal did not allow us to use specific mitochondrial 
technique, we are not in a position to say definitely about 
the origin of true yolk. In Ludford slides stained according 
to Champy-Kull technique, beautiful patches of mitochondria 
stained red are visible. In certain cases some of these red 
granules appear to have become inflated and become converted 
into yolk bodies, while in others growth takes places inside a 
vacuole. In the absence of more convincing proofs, we are 
unable to press this point any further. 

5. DISCUSSION. 

It appears to us that the silver technique undoubtedly 
brings about great distortion of cell-organs, for instance, the 
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Golgi bodies which appear roore or less spherical at a certain 
stage in Ludfcrd preparations appear rather distorted and 
irregular in shape in the corresponding stages in Da Fsxno 
preparations. The characteristic network found in the Da Fano 
preparations in the yolk-nucleus area are absent in osmic 
preparations. We may mention here that really good osmic 
must be used, and all details of the technique strictly adhered 
to, in order to get the best picture. In such osmic preparations, 
it is found that the yolk-nucleus area is packed-full of Golgi 
granules which give it a very dense black and massive 
appearance. The network or branched appearance or even 
irregular large bodies so commonly met with in Da Fano 
preparations are entirely absent. In later stages when the 
Golgi bodies spread themselves out in the cytoplasm their 
shapes both in Da Fano and Ludford preparations are 
granular. At a still later stage the Golgi bodies grow up 
and arrange themselves as a distinct ring-like layer in the 
periphery of the egg. In Da Fano preparations these bodies 
appear distinctly irregular in shape and are several times 
bi^er than the Golgi granules in the medullary region. In 
Ludford preparations at a similar stage of oogenesis, the 
Golgi bodies in the peripheral layer are spherical in form 
though much larger than the Golgi granules of the medullary 
region. Tliis*fact leads us to think that the shape of the Golgi 
bodies is better preserved in Ludford’s osmium technique 
than by Da Fano’s Cobalt-Nitrate method. 

The subsequent history of the Golgi bodies is the same 
as in most of the vertebrate animals ; they undergo disruption, 
become granular and finally lost to view in the cytoplasm. 

The follicular epithelium appears to play an important 
role at a certain stage in the development of the egg. The 
individual cells become active and a large number of Golgi 
granules are expelled to the corticsil region of the egg. 
Whether they pass through a definite channel in the Zona 
Radiata or in a haphazard manner, we have been unable to 
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trace ; but we found both in our Da Fano and Ludford sec- 
tions a number of Golgi granules lying in various regions 
of the Zona Radiata. 

As we worked with a large number of ovaries the 
chances of an artefact seem to be remote. Since these granules, 
react to the fixatives we have used in the same way as the 
Golgi bodies inside the egg, we infer that they must he similar 
structures. Such exti’usions of Golgi bodies from the follicular 
epithelium to the egg have already been noted and de- 
scribed in detail by Bhattaeharya (.d) and Brambell (2) in the 
tortoise and the fowl respectively. 

Vishwa Nath (20) in a series of papers published recently 
has tried to show that the fatty yolk is invariably formed 
from the Golgi bodies either directly or indirectly. So far 
as Calotes is concerned we feel inclined to the view that 
the Golgi bodies are responsible in some way or other 
for the formation of what may be called the Golgi Fatty Yolk. 
Instances are not wanting of the formation of the fatty yolk by 
Golgi bodies, e.p'., in Saccoeirrus described by Gatenby (8) in 
Lithobius, Julus and Palamnaeus by Vishwa Nath (9 and 20) 
and in Oniscus by Miss King (11). Ludford (16) describes 
the formation of fatty yolk even in the cells of tissue cultures 
from Golgi bodies. He calls them fatty or lipoidal droplets. 
Curiously enough the method of formation of the fatty droplets 
described by Ludford is veiy similar to that of the fatty 
yolk in Calotes, 

As we had no idea of extending the scope of work 
beyond the examination of Golgi bodies in the animal studied, 
we did not use specific methods for the detection of 
mitochondria. But Ludford’s osmic technique combined 
with Champy-Kiill staining does show mitochondria as 

well. We found in slides stained by this method certain 

stages in the development of mitochondria. At a particular 

stage mitochondria appeared in patches throughout the 

cytoplasm, In close proximity to and even sometimes 


GOLGI APPARA.Tirs IK OOGENESIS OF CALOTES VEBSICOLOE 27 

inside the patches various stages in the development of true 
yolk bodies have been found. In certain cases it Avas observed 
that mitochondria swell up and gradually lose their affinity 
for the stains. In a later stage of development the swollen 
mitochondria were observed to lie inside vacuoles (Fig. 7). 
The development appears to be very similar to that described 
by Brambell (2) in the fowl. 

Neither the nucleus nor the general cytoplasm appears 
to take a direct part in the formation of time yolk. 

6. SUMMAEY. 

1. In the jmuiig oocyte of Calotes the Golgi bodies appear as 
a complex dense mass in the iisnal juxtannclear position and consist 
mainly of grannies* 

2. In later stages the Golgi bodies become scattered in the 
cytoplasm and gradually become ultramicroscopic in the medullary 
region of the egg. In the peripheral region comparatively bigger 
Golgi spherules arrange themselves in a ring as a cortical layer. 
Subsequently with the development of the egg they are broken up 
and lost to view in the general cytoplasm. 

3. At a particular stage of development the follicular epithe- 
lium becomes very active and a large number of Golgi spherules 
appears to be extruded from the epithelial cells to the egg. They 
pass through the Zona Radiata and settle down in the extreme 
peripheral region of the egg where they are indistinguishable from 
the original Golgi spherules of the developing oocyte. 

4. The Golgi bodies either directly or indirectly contribute to 
the formation of yolk. 

5. Mitochondria are probably solely responsible for the 
formation of true yolk. 
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7. EXPLANATION OF PLATES. 

Photomicrographs of sections showing the Golgi bodies were 
taken under high power, using the combination of Zeiss 12X 
Kompensoknlar and Zeiss Apochromatic objective — these two yield- 
ing a magnification of 1500. The photographic plates used were 
Orthochromatic i size plates and the exposure given was 45 seconds. 
It was found necessary to over-expose the plates a little to get a 
sharp contrast of images. 

The drawings were made under Leitz Abbe Camera Lucida 
(12X ocular ; 1/1 2th oil immersion). 

Fig. /.—Transverse section of the ovary of Calotes fixed in Ba- 
Fano toned and stained in Safranine and Light Green. The young 
ovum shows the juxtanuclear Yolkmucleiis packed-full of Golgi 
bodies. The larger eggs show the peripheral arrangement of Golgi 
granules. (Low power.) 

Fig, 2, — A fairly big oocyte showing the juxtanuclear Golgi. 
Fixed in Ludford and stained by Champy-Kiiii method. Patches 
of mitochondria are visible. (Low power.) 

Fig 8 , — Photomicrograph showing two juxtanuclear Foci 
(G1 and G2). The scattering of the Golgi granules in the cytoplasm 
from one of the foci (G3) is also visible. Fixed in Da Fano, toned. 
X1500. 

Fig 4, — Photomicrograph showing one juxtanuclear focus of 
Golgi bodies. Fixed in Ludford. (Low power.) 

Fig 3.-— Photomicrograph showing one juxtanuclear focus of 
Golgi bodies fixed in Ludford. High power X1500. 

Fig d.— Photomicrograph showing the migration of . Golgi 
bodies from the follicular epithelium into the peripheral cytoplasm 
of the egg. High power Xl 500. 

Fig. 7.— The structure of the cytoplasm and the formation of 
yolk. The Golgi bodies giving rise to Golgi fatty yolk. True yolk 
discs lying inside a vacuole are derived from the adjacent mito- 
chondrial patch. High power X1900. 

F.---Poliicular epithelium. 6FY— Golgi fatty yolk. 
G — Golgi bodies. Gl — The first focus of yolk-nucleus. G2 — The 
second focus of yolk-nucleus. G3-“The scattering Golgi granules 
in the cytoplasm from the f yolk nucleus. M— Mitochondria. 
MTY— Mitochondrial yolk or true yolk. 
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INTRODUCTION. 

The justificntion for undertaking this work arises 
on account of the fact that India is so rich of Avian 
fauna, and not much work from the point of view of modern 
cytology, beyond that of a nice monograph on the oogenesis 
of the fowl by Brambell (2), has yet been done. This 
paper purports to give only a preliminary account of 
the oogenesis of Columba intermedia (the common Indian 
rock pigeon), which I am using as a type. In a subsequent 
paper, I intend to publish my observations on a large number 
of birds belonging to different genera and to submit therein a 
comparative account of cytoplasmic inclusions. 

Among the previous workers on the subject, Mile. Loyez 
(9) in 1905 gave a detailed account of oogenesis of Reptiles, 
Birds and Cephalopods. Her interesting contribution loses 
much of its charm because of the fact that she took no account of 
certain cell organs which form the subject-matter of this paper. 
The technique for the detection of such cytoplasmic inclusions 
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was not well understood then and was probably not known 
to her. In 1914, Dr. Van Durmo (20) published an extremely 
interesting paper on the oogenesis of birds. She described in 
detail the origin and development of Mitochondria and also 
of yolk bodies. Her paper also is vitiated by the fact that she 
ignored the existence of one of the most important cytoplasmic 
inclusions — the Grolgi bodies. This omission has subsequently 
(1925) been rectified by an important contribution on the 
oogenesis of the fowl by Brambell (2). In order to supple- 
ment the knowledge already gained by Brambell’s work, 
Dr. Bhattacharya suggested to me to undertake to write a 
monograph on the oogenesis of birds in general, from the 
point of view of cytoplasmic inclusions. As the work will 
take about 2 years to accomplish, it was thought desirable to 
publish this preliminary account, starting with Columba inter- 
media, as a type. 

This work has been carried on under the guidance and 
supervision of Dr. D. R. Bhattacharya, I wish to express 
here my deep sense of gratitude for the keen interest which 
he has shown throughout the progress of this work and for 
kindly correcting the manuscript of this paper. 

MATERIAL AKD TECHNIQUE. 

The pigeon (Columba intemedia) used in this work was 
killed by severing the head without the use of an anaesthetic. 
The ovaries were taken out as quickly as possible and put into 
the various fixatives. The whole pi’ocess from the killing of the 
animal to the fixing of the ovary did not take more than three 
minutes. Thus the chances of post-mortem changes were 
reduced to a minimum. The following methods of fixation 
were used in connection with this work : — 

1, Da Fano’s cobalt-nitrate modification ; cold fixation. 

2. Ramon Y Cajal’s uranium nitrate and silver nitrate 

method ; cold fixation. 
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3. Latest modification of Mann-Kopsch osmic method 

by Ludford. 

4. Flemming without acetic acid. 

5. Regaud’s formol bichromate method. 

6. Regaud-Tupa’s uranium nitrate formol bichromate 

method ; cold fixation. 

7. Bouin’s picro-formol method. 

8. Champy’s method modified by Kassonov and later 

by Parat; cold fixation. 

9. Carnoy’s method. 

The cold method consists in fixing the material inside an 
ice-box for periods recommended for each fixation. By 
carefully comparing the results it is found that the cold fixation 
methods gave by far tlie best results. One great advantage 
of cold fixation is that it allows of little shrinkage to ova. 
The fixative remains in a good condition at about 0°C. for 
a much longer time than otherwise, and therefore the action 
of the fixative on the tissue is more of the desired nature. 

The ovary of the pigeon is extremely osmiophile, and it 
is unsafe to leave the material in 2 Cosmic acid for more than 
three days. In summer 36 hours are quite enough. If kept 
longer, the material becomes brittle and requires plenty of 
bleaching. Osmic acid at room temperature works well but 
if kept in a hot bath as recommended by Ludford, Champy 
and others, the acid as well as the material soon gets spoilt — 
the material becoming disintegrated and powdery. Possibly 
the hot climate of Northern India in summer has something 
to do with it. In the course of my experience with the 
pigeon material, I found that sections from osmic prepara- 
tions should always be treated with turpentine for 5 to 10 
minutes in order to dissolve away the fat and that the turpentine 
must invariably be of the purest variety and not acidic. Simi- 
larly the sections should always be mounted in pure Canada 
balsam (Baume du Canada) which should always be kept in 
the dark. The xylol-balsam generally used and kept carelessly 
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exposed to light aad air is always acidic and in a very short 
period reduces the intensity of the osmic colour. The acidity 
of turpentine and balsam should always be tested with phenol- 
phthalein. The litmus paper reaction should never be relied 
upon. I wish to lay stress on this point particularly as I 
believe that carelessness in using the right kind of tui’pentine 
gives erroneous results and produces artefacts. I used a 
sample of turpentine obtained from a firm in India, and I 
found that in less than 2 minutes the entire sections were 
bleached with the result that it became impossible to trace 
the existence of Golgi bodies. 

For purposes of intra vitura examination very young ova 
were thoroughly teased out of the ovary in salt solution 
(6/1000 dilution) and examined in neutral red solution (l/oOO 
in 6/1000 salt solution). Very young oocytes were also 
examined in a mixture of equal parts of neutral red and Janus 
green B (l/oOO in 6/1000 salt solution) (17). 

Ovaries were also teased out in salt solution and examined 
after the addition of a few drops of 2 ^ osmic acid according 
to the method recommended by Gatenby and Nath (7). 

DESCEIPTION. 

The Golgi Bodies . — The Golgi apparatus in the pigeon 
can easily be demonstrated both by osmic and silver nitrate 
methods. In the oogonium it lies close to the nucleus in the 
form of a minute knot-like body. In these oogonia the con- 
stitution of the Golgi complex is difficult to determine, as at 
this stage the entire apparatus is made up of a dense little 
mass. As the oogonium develops into an oocyte, this mass 
begins to spread itself out in a semi-lunar fashion. In 
still bigger oocytes the apparatus forms a little cap-like 
structure on one pole of the nucleus. In certain oocytes a 
binuclear condition is found and in such cases the Golgi 
apparatus occupies the space between the two nuclei. In later 
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stages the Golgi bodies begin to spread theoiselves out around 
the nucleus and occupy a perinuclear position. In subsequent 
stages they seem to disappear altogether and their place is 
taken up by what look like swollen Golgi bodies or fatty yolk 
discs. Fatty yolk formation at this stage is very intense and 
Golgi bodies are found only in the periphery as a ring of 
minute granular bodies. A noticeable thing is that the Golgi 
bodies after emerging from the juxtanuclear mass always 
appear as spherical bodies and are never ii'regular in shape if 
properly fixed. 

By the intra vitum examination method advocated by 
Parat (17) with neutral red the young oocytes were seen to 
possess a juxtanuclear patch of minute spherical bodies which 
take in the chai'acteristic red colour. According to Parat (18) 
these bodies are what he calls Vacuome, and are homologous 
with the Golgi bodies demonstrated by the classical methods. 

Migratim of Golgi Bodies — Both in the silver (parti- 
cularly Cajal) and osmic preparations after proper toning or 
bleaching as may be necessary it is easy to demonstrate the 
Golgi bodies in tlieca and epithelial cells. In theca cells the 
Golgi apparatus lies on one side of the nucleus and is in the 
form of a little tiny dense compact mass. Such bodies I 
believe travel later to the follicle cells and from there to the 
oocyte. The following observations are in favour of the above 
statement: — 

1. The cells of theca interna immediately outside the 
follicular cells have veiy prominent Golgi bodies. At places 
it may be seen that the Golgi bodies of several adjacent theca 
cells arrange themselves in a very regnlai’ way facing the folli- 
cular epithelium. At this stage they are very minute in size, 
and at places can be seen actually passing into the follicle cells. 

2. At certain places it- may be seen that an exactly 
similar row of Golgi bodies as described above occupy the 
outer zone of follicle cells. It seems probable that these have 
been imported from outside, i.e.^ from theca cells. 
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3. Still, at other places, the transference of Golgi bodies 
from the follicle cells into zona striata is observable. The 
Golgi spherules forming radially streak-like rows between the 
follicular epithelium and the cortical layer of the eggs can be 
seen in several places if carefully searched under an oil immer- 
sion lens. These Golgi granules derived from the egg mem- 
branes form a dust-like cortical layer in the extreme peiiphery 
of the egg. Whether the Golgi granules present in the cortical 
layer are solely derived from this source or also from the 
original Golgi apparatus of the egg is difficult to understand. 

4. The peripheral layer of Golgi bodies makes its appear- 
ance after the juxtanuclear Golgi mass has disappearetl. 

Mitochondria . — The mitochondria are best studied by the 
Eegaud-Tupa and Champy methods. They make their first 
appearance as little granules lying close to the nucleus. In 
developing oocytes the granules appear as a dense cloud in a 
juxtanuclear position. Subsequently the mass breaks up and 
the mitochondria become dispersed throughout the cytoplasm. 
Mitochondrial activity reaches its zenith at this stage and tire 
whole cytoplasm becomes full of mitochondria. Definite layers 
or zones of mitochondria such as those described by Brambell 
(2) in the fowl, excepting one in the extreme periphery, were 
not observabla 

Yolk.— As referred to above, the Golgi bodies at a very 
early stage acquire a fatty nature and become converted into 
fatty yolk-discs or vacuoles or droplets. In Champy prepara- 
tions, in young oocytes, the entire cytoplasmic area appears full 
of black fatty material. In a later stage the dense fatty mass 
becomes resolved into black disc-like structures scattered 
throughout the cytoplasm. As the cell grows older the 
medullary region becomes clear, and these fatty discs arrange 
themselves in a peripheral ring-like zone. This layer gradually 
travels towards the extreme periphery, with the growth of the 
oocyte. There seems little doubt that these bodies have been 
directly or inchrectly formed from Golgi bodies. 
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The true yolk appears to be formed from mitochondria. 
In Champy preparations a gradual swelling of mitochondria 
can easily be observed. These swollen mitochondria, in most 
cases, become enveloped in vacuoles and undergo further develop- 
ment therein. This process of conversion of the mitochondria 
into yolk bodies seems to take place mostly when the former 
lie at the periphery of the egg. The process is very much the 
same as that described by Van Durme (20) in birds, by Bram- 
bell (2) in the fowl, and by Bhattacharya (3) in tortoises. 
Champy preparations were stained by the Champy-Kiill method. 
The mitochondria become stained red and yolk-discs appear 
to have a deep brown colour. The various stages in the conver- 
sion of mitochondria into yolk bodies are not difficult to follow. 

SUMMARY. 

1. The Golgi bodies acquire the usual juxtanuclear position in the 
early stages of development at one pole of the nucleus. Later on they 
take a perinuclear position and are soon replaced by a fatty yolk layer. 

2. The Golgi bodies of the cells . of the egg membranes at a 
particular stage seem to acquire unusual activity and travel through 
the zona radiata into the cortex of the egg. Here they arrange 
themselves into a dust-like cortical layer of extremely minute 
granules. What further part they play in the development of the 
egg is uncertain. 

3. Mitochondria in the early stages form a cap-like dense cloud 
over one pole of the nucleus. Subsequently they become distributed 
throughout the cytoplasm. In older oocytes a peripheral zone of 
mitochondria becomes noticeable. 

4. In very young oocyte fat droplets or yolk become a char- 
acteristic feature of the developing oocytes. The perinuclear layer 
of the Golgi bodies is soon replaced by the fatty yolk which appears 
to have started formation even when the Golgi apparatus lies in the 
region which is generally designated as the yolk-nucleus of Balbiani 
or the dense protoplasmic area adjacent to the nucleus. There seems 
little doubt that the Golgi bodies become directly or indirectly con- 
verted into fatty yolk or what others call fatty vacuoles or droplets. 

5. True yolk appears to be formed by the direct metamorphosis 
of mitochondria inside a vacuole. Neither nucleus nor cytoplasm 
appears to take a direct part in the formation of the true yolk bodies. 
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ON ECHINORHYNCHUS SP. INQ. FROM 
COMMON CROWS, CORVUS CORAX 
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ALLAHABAD 

BY 
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The two common species of crow, Corvus corax and Corvus 
splendens, found at Allahabad are generally infected with 
Eehinorhynchus sp. inq. Out of 24 crows shot in January, 
1926, 18 harboured this parasite in the posterior part of their 
intestine. They are firmly attached to the wall by recurved 
spines on the proboscis, while their bodies hang freely in the 
lumen of the gut. All the worms are generally found attached 
in one part of the intestine within 2 or 3 inches of its length. 
Only in two eases I found them living away from others. 
One specimen however was found near the cloaca, «.e., about 
4 inches away from the others which existed in the intestine. 
The infected portion of the intestine after it was slit open was 
shaken vigorously in water for some time in order to separate 
the pax’asites from the wall but they did not detach. The 
proboscis in fully mature specimens is so deeply fixed that it is 
not easy to separate it from the wall. Deep wounds are caused 
in the wall at the points of attachment after the parasites are 
carefully separated. 

The proboscis is oval in shape and studded with spines which 
are arranged in 28 — 30 rows each comprising 8 — 12 spines. 

On account of its deep penetration rounded ulcers are produced 
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on the outer surface of the intestinal wall, by the presence of 
which it becomes easy to recognise the infected portion of the 
intestine. Specimens of smaller size, however, do not produce 
.such ulcers. The body which hangs freely in the lumen of 
the gut appears generally shrunken and shows marks of external 
annulation. These marks, however, disappear and the body 
becomes smooth after death or after the live worms have been 
kept in salt solution for some time. They perfoi'm sluggish 
movements by contracting and expanding the body, but they 
cannot move in a particular direction even for a short distance. 
They have been generally observed not to live for more than 
4-5 hours in salt solution. In a crow dissected 18 hours after 
it was shot 3 out of 15 specimens were found living. When 
the specimens died in the body of the host they separated from 
the wall and were found in a straightened condition floating 
among the contents of the gut. 

The length varies according to the age from 16 — 24 mm. 
and the breadth from 2 — 4'5 mm. The male specimens are 
always smaller and less broad as the measurement given in 
tables 2 and 3 of the male and female specimens respectively 
will show. The body is cylindrical somewhat tapering towards 
both ends. The posterior extremity is blunt and rounded while 
oval proboscis forms the anterior part, which can be completely 
retracted into the proboscis sheath. The neck in this .species 
is absent. Southwell and Macfie (1925) define the neck as 
that portion which lies between the base of the proboscis 
and the anterior end of tlie body. Its presence or absence is 
of great importance in the systematic study. In the worm 
under desciiption there exists only a constriction at the base of 
the proboscis between it and the body but there is no distinct 
neck (Figs. 1 — 3). 

Proboscis (Fig. 4) is oval in .shape and 2 by r5-2 mm. in 
size. It is armed with rows of fine recurved hooks which are 
radially and symmetrically an-anged. The proboscis can be^ 
ordinarily retracted in a hollow muscular bag with double 
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walls — the proboscis sheath. “The term ‘Proboscis’ is applied 
to that process at the anterior extremity of the body which is 
used as an organ of fixation ” (Southwell and Macfie, 1925). 

The spines (Figs. 5 and 6) are chitinous. They are radially 
arranged in regular circular rows. The number of rows varies 
from 28 — 30 in an individual and the number of spines in a row 
from 8 — 12. The spines in the middle of the proboscis are 
longer and stouter. They are simple having a recurved shape 
with a thick base and fine-pointed end. The base passes 
invariably into the chitinous platform of a rectangular outline 
which remains embedded in the skin, which covers generally 
the basal portion of the spines also (Figs. 5 — 7). Tables 2 and 
3 give measurements of the spines. 

The colour of the body is olive throughout its length in 
the male specimens but in the female it is greenish, while in 
fixed ones, it is grey with some dull black patches in the middle 
of the body. 

The body wall (Fig. 10) consists externally of a thin layer 
of cuticle under which lies the thick subjacent hypodermis. 
The hypodermis consists of a fibrous tissue with no definite 
outlines in which there lie scattered many groups of prominent 
and a few groups of small nuclei. It is traversed by a system 
of canals forming a regular network, known as the Canalicular 
System (Fig. 9), with a few big longitudinal canals and a large 
number of fine anastomosing branches. The canals are filled 
with a semi-fluid substance and in sections of the worm appear 
in the form of innumerable cavities or chinks. Inwards to 
submucosa there lies a layer of longitudinal muscle fibres 
followed by a layer of circular muscle fibres, then follows a 
thick layer of spongy fibrous tissue which is full of irregular 
cavities. Hamann considers it to be composed of elastic fibres 
and a viscid gelatinous connective substance. A regularly 
broken layer of thick-walled hollow muscular fibres which in 
sections present the appearance of cut tubes, forms the inner- 
most part. a;. 
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On eaeli side of the proboscis sheath there lies a muscular 
fold which arises from the anterior end of the worm just behind 
the constriction at the base of the proboscis. These two struc- 
tures are called Lemnisci (Kg. 11), which being continuation of 
the body wall are composed mainly of the subjacent hypoder- 
mis and the muscular layers. As their length varies in diflferent 
genera, their measiu’ements are of some importance from the 
systematic point of view. The proportion of their size to 
that of the body is subject to variation owing to the contracted 
and expanded state of specimens during fixation. 

The proboscis sheatli (Fig. 11} is a hollow bag hanging 
inside the body cavity. It is composed of two layers of muscle 
fibres similar to those of the body wall. At its posterior end 
are attached a certain number of long muscular bands which 
extend backwards and are attached to the body wall at 
different lengths in the middle third portion of the body. They 
constitute what is known as the motor apparatus of the 
proboscis, which is a finger-shaped hollow process of the body 
wall. This motor apparatus exists obviously for its protrusion 
and retraction. 

The male genitalia (Fig. IB) consist of 2 testes, vasa 
efferentia, vas deferens, seminal vescicle, prostate glands, penis, 
and bursa. The 2 testes, which are nearly equal in size, are 
oval in shape and lie one behind the other in the anterior 
one-third of the body behind the lemnisci. The anterior 
testes is situated about 3-4 mm. behind the anterior end of the 
body. Their length varies from 1*25-T80 mm. and breadth 
from O'7-l mm. in fully mature specimens. An efferent duct is 
given out from each testis to carry its contents. The vasa 
efferentia which arise one from each testis run along the sides of 
the latter for some distance before they join to form the vas 
deferens. The vas deferens is a long thick tube with a con- 
striction in the middle, presenting a dumb-bell-shaped appearance 
with the anterior end more swollen. It gradually narrows 
towards the posterior end to form the muscular {)enis in which 
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it ends. Its length varies from l'6-2.5 mm. The prostate 
glands are 6 rod-like structures elosely attached to one another. 
They do not arise at the same place ; on the other hand their 
points of commencement vary. The first gland arises just 
behind the posterior testis which it sometimes touches, while 
the second arises a little behind. The third and the fourth 
arise together at the same level a little further back. Situated 
alongside of first and second, the fifth arises on the ventral 
surface near the middle of the mass formed by the four pros- 
tates mentioned above and running for a short distance ends 
above the seminal vesicle. But before it terminates the sixth 
prostate takes its origin. All the six glands ultimately unite 
together to open ventrally at their posterior extremity into the 
vas deferens, just in front of the opening of the vesicula 
seminalis into the latter. The histology of the prostate gland 
will bo described in a subsequent paper. It may be mentioned 
here that the glands appear as solid elongated structures, the 
large central portions of which are filled with a granular 
secretory substance and the walls are mainly composed of a 
thick connective tissue layer (Pig. 15). 

The seminal vesicle is a pear-shaped structure with thin 
wails, which opens on the right side near the extremity of the 
vas deferens, i.a., at the origin of the penis. 

The genital organs with their ducts and the prostate 
glands are all covered by a thin membrane of connective tissue 
which becomes thicker having a regular circular outline in the 
region of the vesicula seminalis. 

The terminal part of the vas deferens passes into the 
penis, which is conical and has thick muscular walls. It 
seems that the penis is not the main copulatory organ. With 
the help of the bursa, to be described presently, it reaches the 
vagina of the female, into which it ejects the semen in the 
final stage of sexual congress. 

The Bursa (Fig. 7) is a cuticular funnel-shaped structure 
which normally lies in a retracted condition in the body 
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cavity. During copulation or when the animal is pressed it is 
ejected entirely appearing like a bell-shaped structure bounded 
at the end by fine frills. The penis hangs within it at the 
top. Two sac-like structures, called the Sacs of the Bursa, are 
situated one on each side near the base of the penis on 
the inner side of the bursa in its everted eondition. During 
mating the bursa is thrust into the vagina and so helps the 
short penis to deposit the discharge at a suitable place without 
spilling it outside the body of the female. 

The Ovary is present only, in young specimens. At the 
end of the post-larval stage it bursts liberating the egg masses 
(Fig. 8) which float about in large numbers in the body 
cavity. The egg masses give rise to the innumerable ova 
which in sexually mature specimens congest the body cavity 
forming its main contents. An egg mass is an elongated, more 
or less elliptical or oval body which is composed of a sheet of 
cytoplasm containing egg cells at various stages of develop- 
ment (Fig. 22). It is covered outside by a thin connective 
tissue layer. The eggs found in the body cavity are not at the 
same stage of maturity. The mature eggs (Fig. 23) are distin- 
guished by the presence of three concentiic membranes as their 
walls and hooks arranged in a ring at the broader end of the 
embryo. They are brown in colour and have an elongated 
elliptical shape. Tlieir size ranges from 0'042-0’066 by 
0'016-0‘028 mm. 

The Bell or the Uterine Bell (Fig. 17), as it is sometimes 
called, is the anterior part of tlie oviduct which continues 
behind into the Uterus. It is attached by means of a ligament 
which arises from the posterior end of the proboscis sheath, 
called the Suspensory Ligament. Its posterior end passes 
through the cavity of the bell to be attached to its side walls. 
The total length of the genital apparatus (Fig. 16), from the 
commencement of the bell to the Vulva, is r45-2’6 mm. Tlie 
bell is a muscular canal provided with apertures at botli the 
■ends. Its inferior (posterior) Opening is in direct communication 
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with the body cavity. The anterior orifice takes up 
all material floating in the body cavity, egg balls or egg masses, 
immature and mature egg.s. The lumen of the bell in the 
middle of its length is reduced considerably on account of a 
number of large cells which project into it from the walls. 
These cells are arranged in five pairs, 3 dorsal pairs of large 
and 2 lateral pairs of relatively small cells. Their arrangement 
is such that only ova of a certain size can pass through the 
lumen enclosed by these cells and enter the uterus, while those 
which are not allowed to pass through are returned into 
the body cavity through the inferior opening. This is a 
kind of sorting arrangement enabling only the mature ova to 
get out. 

The uterus is 0‘73-T25 mm. long and 0’07-0’08 mm. 
broad. Its anterior end is funnel-shaped and is in continuation 
with the bell in front. It has thick muscular walls. Very 
large number of ova are accommodated in the lumen owing to 
the great expansion of the walls at certain time of the year, 
i.e., about the month of January to March. After the ova 
are discharged the walls appear somewhat flabby. The uterus 
leads into a pear-shaped vagina, which is large anteriorly and 
constricted and narrow at its posterior end. It is 0’37-0‘82 
mm. in length and 01-1 '3 mm. in breadth in its anterior 
portion and 0’07-0‘08 mm. in breadth at its posterior end. 
Its walla are very thick and muscular and contain also large 
glands (the Vaginal Glands) (Fig. 20), with prominent nuclei, 
which surround the lumen and pour their secretion into it. 
The fibres of the muscular layer are arranged in a spiral 
manner around the lumen more or less like the diaphragm 
belo’w the stage of the microscope. The vaginal canal is 
surrounded by sphincter muscles, the anterior one being situated 
just at the base of its brotid portion and the posterior a little in 
front of the opening of the vulva. The vulva is sun'ounded by 
two large flat cells which control its opening. The posterior 
portion of the vaginal canal is so narrow that only one ovum can 



48 THE ALLAHABAD UNIVERSITY STUDIES 

pass through it at a time and the rest have to wait in the broad 
portion of the vagina till their turn comes. 

The Nervous System consists of a single nerve cell 
situated deep within the muscular layer of the proboscis sheath, 
near the middle of its length. The nerve fibres known as 
retinaculi (Fig. 11), arising from it pass out through the body 
cavity to the body wall. 

The character of the genus is as follows Worms 
with well-developed proboscis armed with spines arranged 
radially and symmetrically ; presence of a proboscis sheath at 
the base of the proboscis, with double wall into which the 
proboscis can be retracted. Nuclei of the subcuticuli and 
lemnisei relatively small and numerous with a few groups of 
large nuclei ; 6 prostate glands are present and central nervous 
system near the middle of the proboscis sheath. 

The work was taken up at the suggestion of Dr. H. R. 
Mehra and completed under his supervision. I am highly 
grateful to him for his unceasing help and also for correcting 
the manuscript of this paper. I also ackno^vledge my indebted- 
ness to Dr. D. R Bhattaeharya, the Head of the Department 
of Zoology, and to the authorities of the Zoological Survey of 
India, Calcutta, for helping me in various ways and for 
allowing me Library facilities both here as well as at Calcutta. 
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Table 2. 

Measurements of Male Specimens. 
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Table 2. — {concluded). 



Measurements of Female Specimens. 
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asf — anterior splimcter muscles, 
b— bursa. 

brc— branching of the central 
canal. 

bw — body wall, 
c— cuticle. 

cb— cells of the bell, 
cc — central canal of the prostate 
gland. 

cm — circular muscle fibres. 
c\v — concentric wails of the ova. 

d — ducts of the vaginal glands, 
df— vas deferens, 
do — developing ova. 
ef— efferent ducts, 
egm—egg mass, 
fga— female genital aperture, 
fb — funnel-like opening of the 
bursa. 

gs — granular secretion of the 
prostate glands, 
io— inferior opening. 

sb — sacs of the bursa, 
sv — seminal vesicle, 
spw— spongy portion of the body 
wall, 
sp— spines. 

8 


TO FIGURES. 

1 — lemnisci. 

Ig— ligament. 

Im — longitudinal muscle fibres. 

Imb— longitudinal muscle bands. 
Ip — principal lacunae or canal, 
lu — lumen of the vagina. 

Is— secondary or anastomosing 
canals. 

Ivc — lining of the vaginal canal, 
mf — muscle fibres surrounding 
the genitalia. 

nivw — muscles of the vaginal Avail, 
n— nucleus. 

0 — ova. 
p — penis. 

pg— prostate glands, 
pr— proboscis, 
prs— proboscis sheath. 

psf — posterior sphincter muscles. 

rb — rectangular base of the 
spine* 
ut uterus, 
utb— uterine bell. 

DLW— uterine wall. 

V — vagina. 
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sm — spiral muscle fibres of the vgl— vaginal glands, 
vaginal -wall. 

t— testes. vp— muscular plate near vulva, 

tb— tuft of books or spines. 

DESCRIPTION OF PiGURlS. 

1 . A portion of the infected intestine of crow showing the 

worms attached. 

2. Male Echinorynchus with bursa everted. 

3. Female Ecbinorhynchus. 

4. Anterior portion of the worm showing the proboscis, 

proboscis sheath and the arrangement of spines on the 
proboscis. 

5. A portion of the proboscis magnified showing the arrange- 

ment of spines. 

6. Spines with rectangular roots, taken out from the proboscis. 

7. Posterior portion of the male woimi showing ejected bursa, 

sacs of the bursa and penis. 

8. Posterior portion of the female worm showing genital 

aperture, vagina, a portion of the uterus and egg masses. 

9. A portion of the body wail showing principal lacunae or 

canal and secondary or anastomosing canals. 

10. T. S. of the body wall showing the different layers. 

11. Anterior portion of a female worm showing lemnisci, a 

portion of the proboscis sheath with the nerve fibres 
coming out from its middle part, 

12. T. S. through the proboscis showing the spines, different 

layers of the body wall and probo>scis sheath. 

13. Male genitalia showing testes, prostate glands, efferent 

ducts, vas deferens, seminal vesicle, penis and bursa. 

14. T. S, through the posterior region of the prostatic mass 

showing the relative position of the 6 glands. 

15. T. S. of the prostate gland magnified showing the wall, 

central canal and its contents— the granular secretion, 

16. Female genitalia showing belh inferior opening, cells of 

the bell, uterus, vagina, sphincters and vaginal glands. 

17. Bell magnified. 

18. T. S. through the bell, passing through the middle region. 

19. T. S. „ „ „ „ region of the inferior 

opening. 
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20. Posterior portion of the ^female Igenitalia magnified, showing 

the vagina, vaginal glands, sphincters, vaginal plates, etc., 
and spiral mnscle fibres of the wall. 

21. T. S. through the vagina showing all the parts including 

a portion of the duct of the vaginal gland. 

22. T. S, through one egg mass showing many sections of ova 

at different stages of development. 

23. One complete ovum. 


ADDENDUM. 

Marval (1902) has described three species of Echinorhynchus, i.e., 
E. pigmentatus, E. rostratus and E. compressus, from crows (Corvns 
corone, C. frugilegus, C. cornix and 0. monediila), characteristics of 
which are briefly mentioned in Table 6, but the species described 
by me as Echinorhynchus sp. inq. differs from them in the follow- 
ing features: — 

(1) Size and shape of the body, (2) Size and shape of the 
proboscis, (3) size and shape of the proboscis sheath, (4) number and 
shape of spines, (5) shape of the basal piece, (6) the number and 
arrangement of retractor cephaliques, and (7). the presence of vagina 
with muscular sphincters, as will be seen in the table. These points 
are of sufficient importance to give it the rank of a new species for 
which I propone the ndime UcMnorhynchics robiistus. It, however, 
re|embles closely E. pigmentatus in the size of the body, number of 
rows of spines and their shape, and presence of canalicular system. 

REFERENCE. 

; Marval, L. (1902)— ’Etude sur quelques Echinorhynques oise- 
aux. Arch, parast V, pp. 485— 489. 



Tabh e-shoiving characteristics of the species of Echinorhynchus found in crows {Corvu^. 
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Bana tigrina — the common Indian frog is generally 
found infected in Northern India with. Ganeo tigrinum n. sp., 
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Pleurogenes gcistrop&rus Liihe var. equalis n. var. and Proso- 
tocus indicus n. sp., the species of the three different genera 
which constitute the sub-family Pleurogenetinae. In South- 
ern India this frog is infected with G. Glottoides mr madra- 
sensis n. Tar. All the above mentioned species are described 
in the present paper and as the literature on the subject 
is scattered and mostly in German, it has been considered 
desirable to give as far as possible a complete account of 
the sub-family. 

The Pleurogenetinae was established in 1899 by Looss 
( 7 ) who included in it' Prosotoeus confusm Lss, 
Prosotocus tener Las^ Pletirogems medians Olss, Pleurogenes 
Glaviger Rud. Klein (4) in 1905 founded the genus 
Ganeo from Bana hexadaetyla^ a frog from Madras. He was 
not sure about the position of this genus. Though he in- 
cluded it in the Pleurogenetinae, he considered it to be 
very different from the other genera of the sub-family. He 
included the species Prosotoeus eonfusus Lss and Prosotoeus 
tener Lss under Pleurogenes in his key of the species 
of the genus Pleurogenes (4). Odhner (15) in 1911 
constituted a new family Lecithodendriidae and subdivided 
it into two sub-families Leeithodendriinae and Pleurogene- 
tinae, which he clearly defined. He discussed the position 
of the genus Ganeo and assigned to it definitely a position 
in the Pleurogenetinae in which he also suggested the 
inclusion of the genus Brandesia Stoss. Nickerson (14) 
had described in 1900 Distomum arcanum from the closed 
cysts surrounding the pylorus of the common frog found 
in North America. This species, which was included in a new 
genus Loxogenes by Stafford (21) in 1905 and re- 
described by Osborn ( 16 ) in 1909 Odhner ( 15 ) 
considered to be undoubtedly a Pleurogenetine. Klein 
( 4 ) in 1905 had included it in his key under the 
name of Pleurogenes arcanus. Pleurogenes gastroporus was 
discovered by Lube in 1901 from an Indian frog Bana 
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cyanophlyctis. Klein (4i) described in 1905 Pleurogenes 
spherictis from R. hexadaotyla and Johnston (3) in 
1912 P. freycineti and P. solus from Australian frogs, 
Ozaki (17) in 1926 described P. Lohatiis from the 
bile duct of the Japanese hog Poly pedates huergeri (Sclilegel). 
Prosotoem tener Lss is the only Pleurogenetine which is 
not found in Anura, but in Ghamaeleo hasiliscm. Sorajabin 
(18) in 1922 described Ganeo glottoides var. afrkam 
from one of the African frogs. Bhalerao (1) in 1926 
mentioned the existence of Ganeo glottoides in Rana tigrina 
at Allahabad, but he gave no description. It is very likely 
the species described in this paper under the name of Ganeo 
tigrinmn. 

It was a troublesome question to both Looss and 
Liihe to decide the systematic position of the Leoitho- 
dendriinae and Brachycoeliinae. The resemblance between 
the genera Brachycoelium and Leoitliodendrium as shown by 
the well-known species Br. salamandrae-Bistomum crassi- 
colle Rud was at one time considered to be so great that the 
latter species was assigned by Liihe to the genus Lecithoden- 
drium — a position wliich was contested by Looss (9) and 
which consequently turned the Lecithodendriinae into dis- 
favour so much so that all the genera belonging to it were 
assigned to the sub-family Brachycoeliinae Lss. Liihe (11) 
adopted this latter course in the Susswasserfauna Deutsch- 
lands. Odhner (15) in 1911 removed all the genera 
except Brachycoelium from the Brachycoeliinae and included 
them in the sub-family Lecithodendriinae, which then is the 
Brachycoeliinae Lss minus Brachycoelium. The latter 
genus comprising the Brachycoeliinae was assigned by him' to 
the family Dicrocoelidae. Oort (2) and we (12) found 
this position untenable and assigned it to the family Lepoder- 
matidae (Plagiorchiidae). Odhner’s view about the relation- 
ships of the sub-families Lecithodendriinae and Pleurogene- 
tinae appears acceptable in view of the fact that the genus 
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Ga/ieo like Lecitkodendrium and Pycnoporus \a0k3 the 
true cirrus sac. In Gamo gloUoides as well as in its varieties 
a pseudocirrus sac is present, while in Gmteo Ugrinum even 
this is absent. The shape of the excretory bladder is also 
similar in the two sub-families. But a further knowledge of 
the Lecithodendriinae is necessary before we can give our 
final opinion about this question. 

We offer our sincerest thanks to Professor Ram Muni 
Menonfor sending us the live specimens efBana tigrina hem 
Madras, which furnished us with a fairly good number of 
Ganeo gloUoides mr madrasensis and to Major R. B. Seymour 
Sewell who always put ungrudgingly the library facilities of 
the Indian Museum at our disposal at Allahabad. 

2. G-aneo tigrinum n. sp. 

Gaim tigrimmi found in the posterior three-fourth 
part of the small intestine and rectum of Eana tigrina. 
Out of eighty-nine specimens examined, nineteen harboured 
this parasite ; it appears therefore that nearly one out of 
every five frogs is infected with it, and that next to Tremior- 
chis rauarum Mehra and Negi syn Gentrovitus pentadelphi 
BMlev&o (1) it is the commonest Trematode found in 
this frog. The number of parasites in a host is variable ; 
five frogs were found infected with 1, 2, 9, 23 and 50 speci- 
mens respectively. The distomes are attached to the wall 
of the intestine by the ventral sucker and do not get easily 
detached when the intestine is opened. When put in a 
watch-glass in water or salt solution they float about raising 
the anterior and contracting other portions of the body. In 
the intestine of the host they have been observed to move by 
their suckers and spines. The body has a great power of 
extension and contraction. Various methods were tried to 
keep them alive outside the body of the host in nutritive 
solutions as will be seen from Table I. Five specimens lived 
for 264 hours and four for 125 hours. This species is less 
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susceptible to varying conditions of diet and temperature and 
is better able to adapt itself to changed conditions than 
TremiorcMs rancmim. In summer they could not survive in 
similar solutions for more than 52 hours. The Trematode 
measures 2’ 5 — 5'7 mm. in length when alive. The smallest 
sexually mature individual contained a large number of eggs 
in the coils of its uterus. The detailed measurements of the 
length and breadth of living specimens are given in Table II. 

Table I. 


Mid-winter (December and January) : temperature of 
Lab65°— 70°F. 


Nutritire solu- 
tions need. 

Normal salt 

solution. 

5 % Sugar solu- 
tion. 

Egg albumen. 

Mix. of 4 c.o. egg 
albumen and 2 
0 . 0 . normal salt 
solution. 

Yolk of egg. 

Mix. of yolk and 
normal salt 
solution 2:1. 

Mix. of egg albu- 
men, yolk and 
normal salt sol. 

2: 2:1. 

Ko. of Tre- 








mated es 
kept. 

4 

4 

4 

7 

3 

6 

4 

No. of hours 
Trematodes 
lived. 

36 

36 

24. 

One for 125 
hours. 

36. 

Five for 
264 hours. 

48 

48 

126 


In entire mounts the length measured 2'4 — 3’7 mm. and 
the breadth '96 — 1‘63 ram. at the level of the posterior end 
of the vitellaria, ri4 — 1*37 at that of their anterior end and 
‘72 — ‘99 mm. at that of the genital opening. The above mea- 
surements show a great range of variability in their size. 
The colour is grey. The body gradually increases in breadth 
from the anterior to the posterior extremity and is broader 
near the latter than in any other part ; its anterior extremity 
is bluntly pointed and the posterior has a somewhat rounded 
outline. The surface of the body is completely covered 
with small spines of a triangular shape closely set in 
irregular rows. The spines are more numerous around 
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the oral sucker where they are also somewhat larger in size ; 
their distal end is pointed unlike that of the spines of ^r. 
gloUoides. In the latter species they are mainly present in 
the anterior part of the body ; their number becomes much 
smaller behind the ventral sucker and they are completely 
absent behind the end of the intestinal caeca. The suckers 
are nearly spherical in outline. The ventral sucker is dis- 
tinctly larger than the oral and bears to it a ratio of ; 3 2 as 
wdll be seen from Table III, 


Table II, 
Living Specimens. 


Length of individual. 

Width of the region 
containing ven- 
tral sucker. 

Width of the region in 
which intestinal 
caeca end. 

2-59 

102 

*99 

3-1 

I'l 

1-05 

3-3 

1'5: 

1-2 

5-7 

1*8 : 

1-8 

3-6 

1-7 

1-8 


Klein ( 4 ) does not give any description nor measurements 
of the suckers in O. gloUoides; but from his figures it appears 
that the oral sucker is larger than the ventral sucker— a con- 
dition quite reverse of that in our species. The oral sucker 
occupies a subterminal position on the ventral surface and is 
surrounded by spines which are somewhat larger than those 
elsewhere. The ventral sucker lies at about one-third dis- 
tance from the anterior end as the measurements given in 
Table IV will show. 
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Table III 


Diameter of oral Sueker. 

Diameter of ventral sucker. 

12 

18 

13 

•18 

19 

•27 

*24 

•33 

18 

•27 


Table IV. 


Length in front of ventral 
sucker. 

Length behind ventral sucker. 

1*005 

2-13 

r5 

2-1 

1-9 

3*5 

11 

2-3 

1-3 

3^1 


The genital opening lies on the ventral surface near the 
left sidemai'gin of the body at about '6 — ‘9 ram. distance from 
the anterior end as examined in living specimens. It is situ- 
ated at about the level of the middle of the oesophagus or 
its commencement nearer the intestinal bifurcation than 
the oral sucker. Its position varies within narrow limits 
from individual to individual and nearly corresponds to that 
given for G. gloti^ide^ Klein. The excretory opening lies on 
the ventral surface a little distance in front of the posterior 
ejid of the body. 

The mouth lies at the bottom of the subterminal oral 
suekerand opens into a small thin-walled prepharynx of ‘06 — 
‘08 mm. length, which is followed by a thick-walled globular 
pharynx measuring ’07 — ‘12 mm. in diameter, i.e., about half 
the diameter of the oral sucker. The oesophagus is a narrow 
tube of ‘36 — ‘6 mm. length ; it is moderately long and runs 
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in the middle line between the oral and ventral suckers . It bi- 
furcates into two intestinal caeca in front of the testes and much 
in front of the ventral sucker. The intestinal caeca extend 
a little distance beyond the vitellaria occupying fth part 
of body in fully mature specimens and about -rth in in- 
dividuals which are less mature. They are swollen at the 
posterior extremity ; but they do not, however, broaden gradu- 
ally. Each caecum lies in the centre between the margin 
and the middle line of the body. The right one is a little longer 
than the left, but the difference is by no means so pronounced 
as in G. glottoides Klein or in G. ghUoides var. madrasensis. 

In G. glottoides var. africam SQTi&bin both the caeca 
reach near the hinder end of the body. Scrjabin remarks : 
“ In comparing the African parasite with the Indian it is 
first of all noticeable that the intestinal trunks in the 
former nearly reach the hinder end of the body, whereas in 
the latter the blind extremities of the intestine are far 
from the end of the body (see Fig. 6 in Klein’s work). 
However, this character is of no specific value as in several 
specimens of G. glottoides Klein observed a different length of 
the intestinal trunk.” It may be pointed out that Klein 
never found both of them reaching near the posterior end of 
the body. 

The reproductive organs except the vitellaria and the 
coils of the uterus lie in the anterior half of the body. The 
testes and the ovary are situated near one another but not 
apposed to each other as in (?. glottoides Klein ; on the 
other hand, they are quite separated and can he easily dis- 
tinguished whether in Imng or preserved specimens. Both 
the testes lie obliquely behind each other in the anterior 
one-third body in front of the ventral sucker and are nearly 
spherical in outline. The anterior testis is situated imme- 
diately behind the intestinal bifurcation in the space between 
intestinal caeca, while the posterior lies in front of ventral 
sucker or sometimes at the same level with it close to the 
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right intestinal eaocuin and covers it Soinotirnes partly on the 
dorsal side. The anterior testis of 0'21— 0'03 mm. diameter is 
smaller than the posterior testis which has 0‘27 — 0’36 mm. 
diameter. In the position of the gonads this species comes near 
G. glottokles Klein, the only noticeable difference being 
their separation from one another. In G. glottokles var. 
afrimna their position is shifted back wards so that the anterior 
testis occupies the position of the posterior testis of G. glottoides 
Klein, and the posterior testis has been pushed behind , the 
ventral sucker occupying the position of the ovary of the 
tatter, while the ovary is shifted towards the loft side behind 
the ventral sucker. In G. glottoides var. madrasemis all 
the gonads have been shifted further back to a position 
behind the ventral sucker and the testes are so displaced 
that instead of lying one behind the other they lie one 
on each side. The difference in the position of the gonads 
though quite striking in the two varieties sliould not be 
considered as specific in view of the fact that this species 
shows a remarkable range of variation in the topography of 
these organs. 

The vesicula seminalis has more or less the same appear- 
ance, i.e., the form of a coiled bladder as in G. glottoides 
Klein, but the long narrow tube into which it continues 
before it opens into the pars prostatica is absent in our 
species. Its foj*m depends greatly on its dimensions due 
to the measure of its contents and the conditions of preser- 
vation, but it has almost always the form of a U-shaped loop 
filled with sperms. Its narrow distal part before it opens 
into the pars prostatica is somewhat swollen and has a 
rounded outline. The pars prostatica is a large, elongated 
pear-shaped chamber having nearly the same shape as in 
G. glottoides. It is 0'32 mm. in length and O’l mm. in maximum 
breadth and gradually becomes narrow towards the distal 
end to form a cirrus, which appears sharply separated 
from it. The epithelium lining thV seminal vesicle consists 
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of very thin fiat cells which are covered outside by a thin 
layer of longitudinal muscle fibres. The cells lining- the 
pars prostatica are always enlarged inwards owing to the 
inward flow of the prostatic secretion through them and con- 
sequently encroach a good deal upon the lumen. The cells of 
the opposite walls become so expanded by the accumulated 
secretion within them that they come near each other filling 
a great portion of the lumen of the duct. In extreme cases 
of maturity the cells degenerate, break down and become 
more or less completely replaced by the secretion passing- 
through them into the lumen. Such relation of the 
prostate cells with the pars-prostatica has been described 



Text figure 1 Vas efferent apparatus of G. tigrieum. 
c., cirrus ; g.a., genital atriuui, p,g., prostate gland cells ; p.p., pars prostatica ; 
V. senp, vesicula sarainalis ; u*, terminal part of uterus. 
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before (12), and we believe that it is of universal occurrence 
in the Trematoda, where the prostate gland cells exist. 
It is remarkable that it resembles closely that of the prostate 
cells and the atrium in the Microdrili. The epithelium is 
surrounded by a thin layer of longitudinal muscle fibres, 
which is continuous with that of the cirrus to be descried 
later. The prostate gland cells, which appear somewhat dark 
in living specimens are large and conical ; they lie in enor- 
mous numbers around the pars-prostatica, in whose walls 
they pour their secretion by long narrow ductules. Their 
broad outer ends, contain a granular basophile cytoplasm 
and a nucleus. The cytoplasm in the ductules of the pros- 
tatic cells, as well as that in the epithelial cells of the pars- 
prostatica into which the former discharge their secretion 
is acidophile in reaction. The cirrus sac or pseudocirrus 
sac is absent and the prostate cells lie freely in the paren- 
chyma outside the pars-prostatica. Their position and ap‘ 
pearance show that they are parenchymatous in origin 
representing the replaced parenchyma of this region. The 
male efferent apparatus is not enclosed here by a membra- 
nous parenchymatous sheath — the pseudocirrus sac which is 
a characteristic feature of G. glottoides'KX&m and!?, glot- 
toides var. madrasensis. The cirrus is a thick-walled tube 
0'075 — ‘0'15 mm. in length, i.e., about half the length of the 
pars-prostatica andO'051 mm. in greatest breadth. Itis some- 
times swollen at the base, i.e., the part adjacent to the 
pars-prostatica but otherwise it is a narrow tube of a more 
or less uniform breadth. Its wall is composed of a layer of 
longitudinal muscle fibres from which there project inwards 
a number of spines in regular rows. The lining epithelium 
is absent. The spines are pointed at the inner end and lie 
freely in the lumen attached at their base to the muscular 
wall of the cirrus. They are 0*013 — 0‘017 mm. in length and 
are larger in the basal than in the terminal part. The 
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cirrus opens into the genital atrium — a deep depression of 
the body wall lined with a chitinous layer, which is conti- 
nuous outside with that of the body wall through the genital 
pore. The genital atrium is O'Ol — 0'15 mm. in length (depth) 
and ()'045 — 0‘075 ram. in breadth ; it lies on the ventral side 
near the left border of the body extending inwards from the 
genital opening in an obliquely upward direction. The 
cirrus opens into it ventrally at the inner end, while the 


A 





\.C' 


r.s. ^ :: v 

Text iTO. 2, A—C Diagrammatic view op female genital organs op 

A., G. TIGRXNOM ; B., Pl. GASTROPORUS VAR. Et^UALIS AND 0., Pr. INBICUS. 

o., ovary ; }*c., Laurer’s canal j r.s., receptaculiim serainis; a.g., shell gland ; 
t'.v.d., transverse vitollino duct; y.r., yolk reservoir^ 
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vit(M-tiH opt^RS on the loft side in front of it. The chitinous 
hiyeris Ix^set closely with small spines. A layer of longitudinal 
muscle fibres continuous with that of the body wall surrounds 
it outside. 

The ovary is somewhat pear-shaped or rounded in 
outline and is 0‘18 — 0’82 mm. in diameter, i.c., about four- 
fifth diameter of the anterior testis. It is situated behind the 
ventral sucker and the posterior testis to the right side. 
The relations of the female ducts are shown in text-fig. 2. 
The oviduct arises from the inner margin of the ovary and 
receives at once the duct of the receptaculum seminis. 
The latter is a flask-shaped structure placed closely I'ol'ind 
the ventral sucker at the level of the anterior bor. ici- of the 
vitellaria with its long axis parallel to the length of tlio body. 
It varies considerably in size (0M8 mm. — 0‘39 mm. in length 
and 0'075 — 0’24 mm. in greatest breadth) ; it may be, some- 
times though rarely larger than the ovary. Its duct Which 
receives the Laurer’s canal is a little broader than the lat|ei‘. 
The Laurer’s canal is a narrow tube which runs fot- 
wards to open on the dorsal surface of the body in front of 
the ovary. Both the receptaculum seminis and Laurer’s 
canal are lined as usual with epithelium having long cilia, 
which constantly move outwards in the direction opposite 
to that of the oviduct. The oviduct further receives 
the common vitelline duct from the prominent vitelline 
reservoir and then continues behind as uterus. The 
shell gland cells of the usual form surround the ootypo, 
i.e., the part of the oviduct between the opening of the 
receptaculum seminis and the commencement of the 
uterus. The convolutions of the uterus occupy the space 
between the intestinal caeca in the posterior half of the body. 
They are so closely crowded that it is difficult to follow 
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their course, but they lie in a transverse direction having 
nearly the same arrangement as in Ganeo glottoides Klein. 
The windings of the descending part occupy a dorsal posi- 
tion, while those of the ascending part lie ventrally. It is, 
however, difficult to distinguish them where they form a 
compact mass specially near the intestinal caeca. The con- 
volutions are not so compact near the posterior end of the 
body as in front ; moreover here they are proportionately 
small and lie side by side in close contact with one another. 
The outgoing part of the uterus passes ventrally to the 
receptaculum seminis and to the left side of the ventral 
sucker in front continuing a more or less straight course 
till it passes along the vesicula seminalis and cirrus sac to 
open into the genital atrium. 

The ova are long oval or elliptical in shape and round' 
ed at both ends measuring 0*3 by 0’015 mm. in size. Their 
colour when ripe is dark brown. 

The vitellaria lie mostly on the ventral surface of the 
intestinal caeca ; they also surround the latter on the sides as 
in G. glottoides Klein. Their position on the ventral side 
of the body in contrast to the usual dorsal position in other 
distomes is a characteristic feature of this genus. They ex- 
tend from the posterior border of the ovary to approximately 
half the distance between the ventral sucker and the poste- 
rior end of the body and always terminate in front of the 
blind end of the caeca. The follicles are closely crowded 
together showing a regular arrangement with a character- 
istic appearance. They are oval, pear-shaped or occasionally 
rounded and measure 0*044— 0'068 mm. in maximum dia- 
meter. They do not, however, appear to be arranged in 
groups. The anterior and posterior vitelline ducts join near 
the middle of the body to form the transverse ducts which 
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fun obliquely towards the centre. The vitelline reservoir 
is feirly large. 

It is difficult to study the excretory canals properly in 
entire mounts or live specimens on account of the presence 
of numerous large gland cells, which are densely crowded 
in the parenchyma in the anterior half of the body near the 
side walls. In the posterior half of the body the same 
difficulty is presented by the enormous number of ova. 
The canals were, however, seen in the anterior half of the 
body in young specimens both mounted and alive. The 
excretory pore lies on the ventral surface near the posterior 
end of the body but it is not terminal. It leads into a very 
small rather rudimentary median stem of a U-shaped blad- 
der, The two limbs or horns of the bladder extend as far 
forwards as the ventral sucker occupying about two-thirds 
of the length of the body. Their anterior ends are slightly 
swollen. Each limb receives a common collecting tube, 
which runs outwards almost transversely and receives the 
anterior and posterior collecting tubes at about the level 
of the receptaculum seminis. The distribution of these 
tubes is shown in text-fig. 3. Each of the collecting 
tubes receives three accessory collecting tubes, each of 
which is supplied by three capillaries except the anterior- 
most one which receives only two capillaries. The position 
and arrangement of the capillaries can be seen from the 
figure. In each capillary group the accessory collecting tube 
divides into two branches, one of which runs directly as the 
capillary itself and the other divides further into two capil- 
laries. The paired capillaries go to one side and the un- 
paired one to the other. The flame cells were not observed. 
It is expected that the posterior accessory collecting tubes 
and their capillaries would correspond in their arrangement 
and distribution to those of the anterior part of the excre- 
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tory system. It appears that formula for the excretory 
system is the same as in Pleurogenes ckmger (b)^ Margeam 
adiforniensis (2) and Tremiorehis ranarum (12), i.e., 
“2X6X3” = 36. 


Remarks :—CraReo tigriniim resembles closely Ganeo 
(jlottoides 'Klem. The resemblance is striking specially in 



TkXT B'IG. 3:-Exoeetoey system oe G. tigeinem. 


e. bl., o-xcn'tory bladder; e.p., excretory pore ; l.c., commoji collecting tube ; 
l.a.ct., left anterior collecting tube; Lp.ot., left posterior collecting tube ; 
1,*2, 3, three accessory coileoting tabes. 
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such minute characters as the size of the body, position of the 
ventral sucker, length and breadth of the pharynx, oesopha- 
gus and intestinal caeca, position of the gonads, size of 
the ovary and ova, arrangement of vrindings of the uterus, 
position of the vitellaria and form of the excretory bladder. 
But the important points of ditference are as follows : — 

Shape of spines. They are elongated and pointed in G. 
Ugrinum, while in G. fjlottoides they are scale-like. 

(2) Ratio in the size of oral and ventral suckers is 
9 : 8 in 6r. glottoides, 7:6 or 6 : 5 in (?. glottoides var. 
madrasensis, 1 : 1 in G. glottoides var. africana and 2 : 3 in 
G. tigrimim. 

(3) Absence of pseudocirrus sac. 

(4) Absence of long narrow duct of vesicula seininalis. 

(5) Excretory pore is subterniinal and ventral in our 

species. 

(6) Intestinal caeca are nearly of the same size. 

3. Ganbo glottoides vak. madbasbnsis, n. var. 

The species was obtained from the small intestine of 
Sana tigrina sent from Madras by Prof. Ram Muni Menon. 
Twenty-two specimens were collected from one frog, two 
from the other and one from the third. They were thin and 
transparent so that by a slight pressure of the cover glass 
the internal anatomy could be easily seen under a low power. 
The body is flat, somewhat conical, more pointed at the 
anterior than at the posterior end which is somewhat rounded. 
It is broadest in the region containing the ventral sucker 
and gonads and gradually tapers behind till it becomes much 
narrow near the ends of the intestinal caeca. It becomes 
narrow also anteriorly in front of the genital opening. The 
size varies from Pfll — 4 mm. in length andO‘74 — 0‘98 mm. in 
breadth at the level of the ventra 1 sucker, and 0'62 — 0'84 mm. 
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at that of the blind end of the left intestiaai caecum. In 
young specimens of about 1 ’65 mm. length in which the 
uterus is not developed the breadth at the level of the ven- 
tral sucker is 0'64 — 'O’BS mm. and at that of the end of the 
left intestinal caecum 0’42—0'53 mm. The part of the body 
in front of the ventral sucker is covered by very small spines, 
which are only visible under the high power. They gradually 
decrease in number behind the genital opening till they com- 
pletely disappear at about the level of the ventral sucker. 

The oral and ventral suckers are nearly spherical in 
outline. The ventral sucker lies at about jth length of the 
body from the anterior end or at about half the distance 
between the oral sucker and the ovary. Its walls are less 
strong than those of the oral sucker. The comparative 
diameters of the two suckers as seen in entire mounts are as 


follows : — 

Diameter of oral 
sucker 

Diameter of ventral 
sucker 

0’15 

014 

013 

012 

O' 12 

01 

013 

01 


These measurements show that the ratio in their size is about 
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The prepharyiix is very small and opens into a pharynx 
of 0'9 miH, diameter. The oesophagus is small measuring 
014— 0‘21 mm. in length. The intestinal bifurcation lies 
just in front of or at about the level of the genital opening. 
The right intestinal caecum is always longer than the left 
one and reaches about i mm. distance in front of the posterior 
end of the body. The left intestinal caecum occupies about 
three-fourth length of the body. Klein (4) found this 
difference in the length of the caeca in most of his speci- 
mens, but in the present variety it is seen in every indi- 
vidual whether mature or not. 

The testes lie obliquely one on each side behind the 
ventral sucker in the posterior region of the anterior third of 
the body ; the left testis occupies generally a slightly 
anterior position. They are not placed one behind the other 
as in G-. glottoides or (?. tigHnmn- on the other hand they lie 
one on each side though not exactly at the same level. The 
position of the testes here shows probably a reversion to the 
primitive condition bringing the genus Qaneo nearer Fro- 
sotocus, Pleurogems and Brandesia. It is remarkable that 
the position of the gonads varies so profoundly even in 
different varieties of this genus. The loft testis is situated 
close behind the ventral sucker near the median plane 
separated from tlie left intestinal caecum by a small distance. 
It is sub-spherical or slightly ovoid and measures 0'18- 
0‘32 mm. in diameter. The right testis lies to the right side 
of the ventral sucker near or more often a little behind the 
left testis covering ventraliy a great part of the right intesti' 
nal caecum. It is somewhat ovoid and slightly larger than 
the left testis measuring 0196 — 0‘26 mm. in length and 
0’21 mm. in breadth. The relation of the testes to each 
other and to the other genital organs remains the same 
throughout life. The pseudocirrus sac is long and slightly 
curved consisting of a small vertical basal portion and a 
long transverse portion. It lies in front of the testes 
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behind the intestinal bifurcation ^yith its basal portion to 
the right side of the ventral sucker. The transverse portion 
runs dorsally to the left intestinal caecum and becomes 
slightly curved before it opens into the genital atrium. The 
shape and position of the pseudocirrus sac differs from that 
of G. glottoides Klein and G. gloUoides var. africana Scraja- 
bin, though there is no difference in its structure, which 
is nothing more than a parenchymatous sheath around the 
vas ejBferent apparatus. The vesicula seminalis twisted as 
usual occupies the basal portion of the pseudocirrus sac. 
It is followed by a long pars-prostatica surrounded by small 
prostate gland cells. The genital atrium is shallow and 
eversible. The genital opening lies close behind or at the 
level of the intestinal bifurcation on the ventral surface near 
the left border of the body. The ovary is spheiucal in shape 
situated behind the right testis near the median line and 
is 0T6 mm. in diameter, i.e., nearly half the size of the 
testis. The receptaculuin seminis of 0'05 by 0*088 mm. 
size lies to the right side behind the ovary near the median 
line. The shell gland occupies a position inwards to the 
receptaculuin seminis about the centre of the body. The 
uterus convolutions follow very much the same course as 
in the other species. The terminal part of the uterus 
as it passes between the two testes lies near the left one, 
which it crosses dorsally to the left side of the ventral sucker 
to continue its outward course. Before it opens into the 
genital atrium it runs ventrally to the cirrus sac. The ova 
are elliptical and have 0*027 — 0*08 mm. size. 

The vitellaria lie mostly On the ventral surface and 
sides of the intestinal caeca, in the middle third part of the 
body extending from the anterior or posterior border of the 
ovary to about half the distance between it and the posterior 
end of the body and terminating a little distance in front of 
the blind end of the left intestinal caecum. The follicles 
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are somewhat pear-shaped or ovaL They are thickly crowd- 
ed and their number is generally smaller in the left 
vitellariuin. The transverse ducts arise anteriorly, i.e., at 
about one-third length of the vitellaria from the anterior end 
and join behind the ovary to form the conspicuous reservoir. 

The excretory opening is terminal and lies at the posteri- 
or end of the body. The shape of the excretory bladder is 
similar to that of the type species. The important features 
which distinguisli this variety from (?. gloUoides Klein are 
the small size of the oesophagus, constant difference in the 
length of the two intestinal caeca, position of the testes one 
on each side of the body, position and the strongly curved 
form of the psoudoeirrus sac. 

Remaeks : — The genus includes G. gloUoides Klein, 
Q. glottoides var. afneana Scrajabin, G. glottoides var. 
madrasensis, and G. Ugriniim n. sp- The resemblance in 
the above-mentioned forms is, however, striking in such 
minute characters as the size of the body, length and breadth 
of pharynx and oesophagus except in G. glottoides var. 
madrasensis., position of genital pore, size of ovary and ova 
as will bo seen in Table VII. G. glottoides var. cifricana in 
our opinion deserves the rank of a species. The length 
of the intestinal caeca which reach near the posterior end of 
the body, position of the gonads and the vitellaria, appear 
to be features prominent enough as to deserve a specific 
rank. In G. gloUoides Klein the gonads are closely apposed 
to one another, in G. tigrinum they are separated so that 
the ovary comes to lie entirely behind the ventral sucker ; 
in G. glottoides var. africana they are pushed further back- 
wards, so that the anterior testis occupies the position of 
the posterior testis of G. glottoides Klein, and the posterior 
testis that of the ovary of the latter, while the ovary lies 
behind the ventral sucker to the leftside. In G. glottoides 
var. madrasensis both the testes and the ovary lie behind 
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the ventral sucker. It appears that the backward move- 
ment of the testes resulting in the position of the ovary 
behind the ventral sucker to the left side in G. glottoides 
mr- africana is a last step in the sequence of events in 
which G. tigrinum shows an intermediate condition. The 
vitellaria in this variety end much in front of the termina- 
tion of the intestinal caeca. 

The systematic position of the genus has been discuss- 
ed by Klein (4) and Odhner (15). We also maintain that 
it belongs to the sub-family Pleurogenetinae. Though the 
topography of the gonads varies remarkably as mentioned 
above in the different varieties of a species, position of the 
testes, one on each side of the body in glottoides rar. 
madrasensis shows probably a case of reversion to the 
primitive condition which is met with in the genus 
Pleurogenes. It seems that the position of the testes in 
other species of Ganeo is aberrant for the sub-family. The 
Pleurogenetine characters of the genus Ganeo are the 
following genital opening near the left border in the 
anterior part of the body, ovary near the ventral sucker to 
the right side or near the median line, twisted vesicula 
seminalis, well-developed pars-prostatiea and prostate gland 
cells, presence of male efferent apparatus in the anterior 
part of the body, position of testes in G. glottoides var. 
madrasensis, arrangement of the uterus convolutions, U- 
shaped excretory bladder with a rudimentary median stem 
which can be easily derived from a V-shaped condition and 
“2X6X3” excretory system. The absence of a true 
muscular cirrus sac, position of the vitellaria, shape of the 
excretory bladder and absence of a terminal muscular 
part of the uterus, i.e., metraterm are the important 
differences. 

The affinities of the Pleurogenetinae with the Lecitho- 
dendriinae were recognised by Odhner (15), who included 
these two subfamilies in the family Lecithodendriidae. They 
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are based on the presence of a V-shaped excretory bladder, 
position of the ventral sucker in the middle of the body, 
situation of the ovary near it to the right side or about the 
median plane, presence of a receptaculum seminis and a small 
Laurer’s canal, vitellaria in front of the middle of the body 
and disposition of the convolutions of the uterus. Though 
Oaneo differs much more from the Lecithodendriinae than 
the Pleurogenetinae, the absence of cirrus sac brings it 
closer to such genera of the former as Lecithodendrium and 
Pycnoporiis. Though the anatomy of this genus is aberrant 
from that of the Pleurogenetinae, there appears to be no 
doubt that it belongs to this sub-family. 

4. PlEUEOGENES GASTEOPOBUS LtlHE VAE. EQUALIS., X. VAE. 

This species was obtained by Liihe in 1901 (10) who 
had before him only two specimens. We obtained specimens 
from four out of eighty-nine frogs of Bana tigrina dis- 
sected at Benares and Allahabad. The number of parasites 
found in a host was not large being 2, 3, 4, or 10. The 
distomes get easily detached when the duodenum is opened. 
They are when alive, l'5—2‘38 mm. in length and about 
1 mm. in maximum breadth. In permanent mounts the 
length varies from 1’12— 1‘72 mm. The body has a 
more or less conical form ; it is pointed at the anterior 
and broadest at the posterior end. It has not got much 
power of extension and contraction. The colour is white 
grey ; the cuticle of the entire body is closely covered with 
small pointed backwardly directed spines of a triangular 
shape, which are slightly curved near the free end. They 
are 0'003 mm. broad at the base' and have the same arrange- 
ment as described in other species. The oral and ventral 
suckers are spherical and equal in size. In the description 
given by Liihe (10) the oral sucker (diameter 0*285 mm.) 
is smaller than the ventral sucker (diameter 0*315 mm.). 
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Diameter of oral 


Diameter of ventral 

sucker. 


sucker. 

0-21 


... 0*21 

018 

• ♦ • 

... 0*18 

016 

• » • 

... 0-16 

00 

o 


... 0*18 

018 


... 018 

The oral sucker is subterminal 

lying near the anterior 


end of the body on the ventral surface. The ventral sucker 
is situated for the greater part of its diameter in the anterior 
half of the body as t.he following measurements will 
indicate : — 

Length in front of ventral Length behind ventral 


sucker. 

sucker. 

0-37 

... 0-51 

0'61 

... 073 

0*49 ... 

... 0-64 

0-52 

0'67 

0-43 

... 0*69 


The pharynx is rounded and OT — 0T5 mm. in diameter. 
It is followed by a very small rather inconspicuous 
oesophagus which divides into intestinal caeca just be- 
hind it. The intestinal caeca are small and terminate 
near the anterior margin of the testes on each side of 
the ventral sucker. The reproductive organs except 
the coils of the uterus and a major portion of the testes 
occupy the anterior half of the body. The testes are 
spherical and situated symmetrically one on each side about 
the middle of the body behind the intestinal caeca. They 
!are almost equal in size and have *19 — '24 mm. diameter. 
The cirrus sac is pear-shaped and large with thick mus- 
cular walls ; it is 0’35 — 0'58 mm. in length, i.e., about one- 
fifth to one-fourth length of the body. Its greatest breadth 
is 0*14 mm. It lies obliquely to the left side with its long 
axis parallel to the body length and is slightly curved 
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in its narro'w tubular part like the lettter S. The vesicula 
serainalis is twisted and occupies the basal portion of the 
cirrus sac. The pars-prostatica is small ; the cells lining 
it are enlarged on account of the accumulated prostatic secre- 
tion as in the species above described. The cirrus has thick 
muscular walls and opens into a small eversible genital 
atrium, which becomes easily protruded on the application 
of a small pressure or during fixation as a small papilla con- 
taining within it the terminal part of the cirrus. 

The ovary is globular in shape and measures 0T2 — 
0‘16 imn. in diameter, i.e., almost half the diameter of the 
testis. It is situated obliquely in front of the ventral sucker 
and the testes to the right side of the body. The oviduct 
arises from its inner margin near posterior end. It runs only 
for a short distance when it is joined by the receptaculum 
seminis. The Laurer’s canal arises from the latter as in 
other species of the Pleurogenetinae. The receptaculum 
seminis and shell gland lie dorsally close in front of the 
ventral sucker to the right side, where the oviduct receives 
the common vitelline duct from the vitelline reservoir. The 
uterus forms a convoluted mass filling the posterior half of 
the body. Its convolutions are arranged in the form of two 
longitudinal loops joined by a cross loop, which may be pro- 
duced behind sometime into a small longitudinal loop, so that 
there is left a free space in the centre, in which near the 
hinder end the excretory opening lies. The arrangement 
of the uterus convolutions appears to be nearly the same 
as in Phwogenes medians. i&ummdil portion passes 

to the left side of the ventral sucker to continue its outward 
course where it lies parallel to the cirrus sac. The eggs 
are elliptical and measure 0'02~0‘023 mm. by O'OII — 
0’012 mm. in size. The mature eggs have a deep brown 
shell. The vitellaria are composed of fairly large follicles, 
which vary in size and have oval, pear-shaped, somew'hat 
rounded or irregular form. They lie dorsally between the 



TKEMAXODE PAEASITES OF THE PLETJEOGENETINAE 89 

pharynx and the ends of the intestinal caeca mainly cover- 
ing the latter ; a certain number of them also occupy the 
region between the intestinal bifurcation and the ovary. 
The transverse ducts are very small. The vitelline reser- 
voir lies in front of the ovary. 

The excretory bladder is U-shaped with a small central 
stem opening to the exterior. The limbs of the bladder 
reach as far as the posterior end of the testes. The excre- 
tory opening lies a little in front of the posterior end of the 
body on the ventral surface. Liilie, however, gives its posi- 
tion much in front of the hinder end. 

Remaeks The distonies no doubt belong to Pleuro- 
genes gastropoms described by Liihe in 1901 from Bana 
cyanojghlyctis. ks will be seen from the synopsis of the 
species of the gaum Pleiirogenes in Table YI our specimens 
agree closely with Liihe’s description, but they differ in the 
following important features : (1) Position of the excretory 
pore, which does not lie much in front of the posterior end 
as in Liihe’s specimens. (2) Receptaculum seminis and shell 
gland lie to the right side in front of the ventral sucker and 
not in the centre. (3) Equal size of the oral and ventral 
suckers. In Llihe’s specimens the proportion in their size 
is 28 : 31. The minor differences are (4) size of suckers, 

(5) small size of the ovary and testes in our specimens, 

(6) curvature of the cirrus sac not so strongly marked as in 
the type species and (7) hosts belonging to different species 
of Bana. These points appear to be sufficiently important 
as to justify the creation of a new variety for which we pro- 
pose the name Pleurogenes gastroporus Liihe var. eqiialis. 

5. Peosotooxts indious n. sp. 

This species wms obtained from the duodenum and 
small intestine of only eight out of eighty-one specimens of 
Bana tigrina. It appears to be nearly as rare as Pleurogenes 
gastroporus var. equalis. The number of parasites as 
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obtained from five frogs was 1, 3, 6, 12 and 110. They do 
not get easily detached when the intestine is opened. When 
kept in water or salt solution on a slide they moYe about by 
stretching their extremely mobile anterior end and draw- 
ing the part behind it forward ; the body also shows a 
great power of expansion and contraction. The size is 
small measuring 0‘6 — IT mm. in length in entire mounts and 
r2— 2‘4 mm. in live specimens. The breadth in entire mounts 
varies from 0'42 — 0‘45 mm. They have a white transparent 
body with a rounded outline ; when flattened by the pres- 
sure of a cover glass, they assume an elliptical form. The 
cuticle is entii'ely covered with small narrow baekwardly 
directed spines of the^usual shape, which measure 0‘007 mm. 
in length and O'OOl mm. in breadth at the base. The oral 
and ventral suckers are of equal size and have a spherical 
outline. Their diameters as measured in entire mounts are 
as follows : — 


Diameter of oral sucker 

Diameter of ventral sucker 

in mm. 

in mm. 

0-07 

0’06 

0-06 

O'Oe 

O'Ov 

0'07 

0-06 

O'Oe 

0'07 

mi' "1 " "1 . *1 • 'r • . • ‘ -I 

0-07 


Tlie oral sucker is subterminal and lies on the ventral 
surface near the anterior end of the body. The ventral 
sucker is situated just in front of the middle of the body at 
a distance of 0'25— 0‘28 mm. from the anterior end and that 
of 0’27— 0'33 mm. from the posterior end. The cavity of the 
anterior sucker is larger than that of the ventral sucker. 
The genital opening lies on the ventral surface near the left 
side border at the level of the intestinal fork at a distance 
of 0'4 — 0'66 mm. in live specimens and 018 — 0’31 mm. 
in permanent mounts from the anterior extremity. The geni- 
tal atrium is so shallow that it is not recognisable in the 
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liying 'vvom, in which both iiiale and female openings are 
seen lying close side by side. The mouth opens into a 
thick-walled pharynx of 0'04 — 0‘06mm. diameter. Theoeso- 
phagus is fairly long about 0'12 — 0"18 mm. in length. The 
intestinal fork lies at the level of the testes much in front 
of the ventral sucker about midway between it and the oral 
sucker. The angle enclosed by it is less than a right angle. 
The intestinal caeca have dilated ends and extend as 
far as the posterior margin of the sucker measuring 
0'22 — 0’31 mm. in length, while in P. confusm they are 
much broader and shorter ending much in front of the 
ventral sucker. 

The reproductive organs except the coils of the uterus 
occupy the anterior half of the body. The testes are more 
or less spherical ; they are situated outside the intestinal 
bifurcation and the caeca between the latter and the body- 
wall. They do not lie at the same level, on the other hand, 
the left testis lies in front of the other. The right testis 
is always a little larger having generally 0‘07 — 0‘09 mm. 
diameter and the left testis measures 0‘05 — 0‘07 ram. in 
diameter. From their posterior ends arise small vasa 
efferentia which run backwards as far as the cirrus sac 
near the left intestinal caecum to join the large vesicula 
seminalis. The cirrus sac has a large size in proportion 
to the size of the distome and thick muscular walls com- 
posed of longitudinally arranged fibres. It isO'32 — 0‘35mm. 
long and O’ 12 mm. broad near the base in entire mounts ; 
when examined in sections it measures 0‘2,5 — 0’28 mm. in 
length and O’Ofi — 0’09 mm. in maximum breadth. It lies 
behind the left testis ventrally to the intestinal caecum of 
that side; it is more or less strongly curved anteriorly 
and consists of a basal saccular part containing the vesicula 
seminalis and pars prostatica and a small narrow tubular 
part, which leads to the exterior. The angle of curvature 
separating these two parts is nearly a right angle and lies 



92 


THE ALLAHABAD TJNIYEESITY STUDIES 


at a distance of O' 17 mm. from the base. The tubular part 
of the cirrus sac is 0'034 mm. broad and is about half of 
the length of the saccular portion, which is somewhat 
rounded at the base. The vesicula seminalis is U-shaped, 
has 0'03 mm. lengthandO'05 — 0'07 mm. breadth and is filled 
with sperms. It opens by a small narrow duct of O'OOfi mm. 
length and 0'003 mm. breadth into an ovoid or somewhat 
globular pars prostatica ofO'Odmm. by 0'029 — 0'03mm. size. 
The epithelial cells of the latter, as already described in 
the other species, are much enlarged towards the lumen 
by the accumulation of prostatic secretion. The prostate 
cells of the usual pear-shaped form surround the pars pros- 
tatica and a great portion of the vesicula seminalis occupy- 
ing the entire space between the latter and the muscular 
walls of the cirrus sac. The ejaculatory duct (cirrus) is 
0'9 — ^0‘14 mm. long and O'Ol— 0'0136 mm. broad ; it is not 
sharply separated from the pars prostatica. The epithelium 
of the narrow duct of vesicula seminalis, pars prostatica and 
cirrus is surrounded by a thick layer of longitudinal muscle 
fibres. The cirrus opens into a very small genital atrium, 
which is not easily visible in living specimens. The ovary 
is more or less rounded almost equal in size to the left 
testis measuring 0‘0.5 — 0'07 mm. in diameter. It is situated 
in front of the ventral sucker invariably to the right side 
of the middle line partially overlapped by the right intes- 
tinal caecum and gives out near its inner posterior margin 
a short oviduct, which soon enters the ootype surrounded 
by the shell glands. The receptaculum seminis is a small 
pear-shaped sac placed close behind the ovary and the 
ootype to the right side of the ventral sucker ; from its 
narrow proximal part arises a very small Laurer’s canal 
which runs dorsally. The uterus arises from the right side 
of the ventral sucker and passes downwards nearer the 
dorsal surface into a convoluted mass which occupies the 
posterior right half of the body. This descending portion 
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after reaching the posterior end turns forwards ventrally 
to the same side till it runs transversely behind the ventral 
sucker to continue into the convoluted mass contained in 
the left posterior half. The ascending uterus takes its 
origin somewhat near the posterior end to the left side and 
runs forwards dorsally undergoing several convolutions 
before it passes into the thick-walled metraterm, which 
lies to the left side much in front of the ventral sucker 
dorsally to the cirrus sac. The metraterm is small, highly 
muscular and sharply set off from the uterus by its small 
diameter. It is 0'22 mm. long and 0‘02 mm. broad and con- 
tains a narrow lumen of 0'008 mm. diameter which, how- 
ever, becomes enlarged near the genital pore ; its wall is 
composed of an inner cuticular layer surrounded by the 
two usual muscular layers. The genital atrium is very 
small being reduced only to an opening. The ripe ova 
have a deep brown shell, are elliptical in shape and 
measure usually 0‘027 mm. (rarely 0‘024 mm.) in length 
and 0‘0136 mm. (rarely 0’012 mm.) in breadth. The 
vitellaria are confined to the ventral surface of the body 
beginning in the region of pharynx and terminating at 
about the level of the posterior margin of the intestinal 
bifurcation. They occupy obliquely the lateral areas 
between the oral sucker and intestinal bifurcation in front of 
the testes mainly to the outer side of oesophagus between 
it and the body-wall on each side, and overlapping the former 
for great part of its length. The yolk gland of each side 
consists of two branches placed close to each other ; the 
follicles in each branch are pear-shaped and thickly crowded 
on each side of a central axis more or less in a regular 
manner like the leaves of a twig. The transverse vitelline 
ducts leave the gland near the intestinal bifurcation and run 
backwards longitudinally side by side till they cross the 
oviduct to open independently into a small but prominent 
reservoir, which lies close behind the inner part of the ovary. 
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The excretory bladder is V-shaped ; it continues 
backwards into a small rudimentary median stem, which 
opens to the outside by a subterminal excretory pore situated 
on the ventral surface near the posterior end. The horns 
extend as far as the posterior margin of the ovary and have 
swollen extremities; they are not so widely separated as to 
give the bladder the shape of a broad V. 

Remabks : — Up to the present time two species of the 
genus Prosotociis, i.e., Pr. confiisus Lss and P/‘. tener Lss have 
been recorded and described. Klein (4) has referred ten- 
tatively both of them to the genus in his key, 

although he sharply separates P. confusus from all the other 
species on account of the anterior position of the testes, i.e., 
in front of the cirrus sac. Liilie (11) adopts the original 
classification and maintains the genus Prosotocus assigning 
P. confusus to it. While we are in . entire agreement with 
this, Ave find Pr- tener to satisfy the definition of the genus 
PJeurogenes as Table VI and our key of this genus will show. 
We have compared the diagnostic features of the new species 
with those of Pr. confusus in Table V from which it can 
be seen that it differs from the latter in the folloAving im- 
portant features :■ — 

(1) Equal size of suckers. (2) Greater length of oeso- 
phagus. (3) Size and shape of intestinal caeca. (4) Posi- 
tion of the ovary to the right side of the median line and the 
ventral sucker and its rounded shape. (5) Curved shape 
and transverse position of the cirrus sac. (6) Large num- 
ber of follicles in the vitellaria and their position. (7) Sub- 
terminal position of the excretory pore and the presence of 
a rudimentary median stem of the excretory bladder. The 
less important points are (8) the differences in the shape 
and size of the body and (9) the size of suckers and 


ova. 
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6. Methods. 

The Trematodes were fixed in Bonin’s picro-corrosive 
forinol, occasionally in corrosive sublimate or Zenker’s 
solution. For entire mounts they were carefully flattened 
between two glass slides or between a glass slide and a long 
rectangular coverglass and transferred to the fixing solution. 
To prevent their separation a fine string was sometimes used 
to bind them together till the specimens were properly 
flattened and fixed. For entire mounts various stains such 
as borax carmine, alum carmine, dilute Delafield’s haema- 
toxylin, and haemalum were used, but the latter gave the 
best differentiation of various organs, and proved to be very 
useful and handy. For sections iron-haematoxylin was 
always employed. 

7. Synopsis of the Sub-family Pleueogbnetinae Lss. 

We follow Odhner (15) in assigning this sub-family 
to the family Leoithodendriidae Odhner, which also includes 
the sub-family Lecithodendriinae Lss ( = Braohyooeliinae Lss 
minus Brachycoeliuin). The definition of the Pleurogenetinae 
as given by Liihe in 1909 (11) and Odhner in 1911 (15) 
needs a certain amount of modification on account of the 
inclusion in it of the genera Gamo, Brcmdesia and also of 
recently known species of other genera and the amended defi- 
nition is as follows : — Body elliptical, elongated, oval or al- 
most rounded in outline ; size small ; suckers not particularly 
strong; skin entirely or in anterior part of body closely 
beset with long pointed or rounded spines free at their 
ends, in hinder part spines may gradually diminish in 
number or disappear; gut with a small prepharynx and 
small rounded pharynx ; oesophagus absent, small or 
moderately long ; intestinal caeca small not reaching 
middle of body or moderately long, ie., reaching about 
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middle of body or long, i.e., reaching near hind end ; 
excretory bladder Y or Y-shaped, but in the latter case 
with a small median stem ; excretory opening terminal or 
subterminal and ventral ; genital opening marginal on 
left side, or on ventral or dorsal surface near left 
side, in front of, or in the neighbourhood of ventral sucker ; 
cirrus sac absent or parenchymatous (pseudo-cirrus sac) or 
large, muscular and strongly developed, pear-shaped or 
somewhat curved ; vesicula seminis large and twisted ; pars 
prostatica and prostate glands well developed ; testes 
asymmetrically situated one behind the other or more or 
less symmetrically situated one on each side near body 
margin, in front of, near or behind ventral sucker ; recepta- 
culum seminis with a Laurer’s canal arising from it always 
present ; vitelfaria simple, tree-shaped situated entirely 
in front of or in the region of a part of intestinal caeca ; 
uterus is much convoluted and fills more or less posterior 
half of body ; eggs when ripe have a deep brown shell and 
measure 0'02 — 0'038 mm. in length and O'Ol— 0'018 mm. in 
breadth ; found in the gut of Amphibia (one species from 
Ohamaeleon). 




Key to the G-eneea. 


Testes in anterior part of 
body in front of cirrus 
sac and in front of, or 
in neighbourliood of in- 
testinal bifurcation. 


Genital opening much in 
front of ventral sucker. Promtomis Lss. 

Genital opening in the 
neighbourhood of ven- 
tral sucker. Brandesia Btom, 


Testes clearly behind in- 
testinal bifurcation# be- 
hind or near posterior 
portion of cirrus sac. 


Teste 8 asymmetrically 
situated one behind an- 
other. Muscular cirrus 
sac absent, Klein. 

T e 8 t e s symmetrically 
situated at the same 
level. Muscular cirrus 
sac present. Pi trogmes hm* 
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Body somewhat elliptical, oval or rounded under a 
slight pressure ; size small ; small anterior part of body 
strongly moveable ; suckers about equal in size ; intestinal 
caeca small never extending beyond ventral sucker ; geni- 
tal opening lies on ventral surface near left body margin 
in front of intestinal bifurcation nearer oral than ventral 
sucker ; testes one on each side in front of or in the 
neighbourhood of intestinal bifurcation not entirely symmet- 
rically situated ; ovary pear-shaped or somewhat rounded, 
situated in median line or to right side closely in front 
of ventral sucker ; vitellaria in anterior part of body 
obliquely ' situated on either side betwmen oral sucker and 
testes ; cirrus sac large and pear-shaped or curved, 
terminating in front of, or reaching posterior border of 
ventral sucker ; uterus convolutions occupy mainly posterior 
half of body reaching hinder end, in front they may reach 
ventral sucker or extend beyond it ; excretory bladder 
broad or narrow V-shaped with a terminal or subterminal 
opening ; ova when ripe have a deep brown shell and 
measure *024 — ‘034 mm. in length and ‘012— '0136 mm. in 
breadth ; in small intestine of Amphibia. 


Key to the Species op Peosotocxjs. 

Ovary pear-shaped and median ; cirrus sac straight 
with its long axis parallel to body-length and reaching 
near posterior border of ventral sucker *** Frosotocus con- 

fusus Lss* 

Ovary somewhat rounded and to right side; cirrus 
sac curved and more or less transversely placed termi- 
nating in front of ventral sucker , Prosofocus in- 

dicus n. sp. 
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^ 2. Pleubouenes Lss. ' 

Body oval, elliptical, oblong or somewhat splierical; 
size small; ventral sucker usually situated about middle of 
body, rarely in front of middle ; oesophagus absent, short 
or long ; intestinal caeca usually reach about middle of body 
length, i.e., near ventral sucker, but in a few species extend 
as far as last quarter of body ; genital opening on ventral 
or dorsal surface near left body margin at level of pharynx 
or near oral sucker except in P. daviger and P. lobatus 
in wliich it lies much behind oral sucker about midway 
between pharynx and ventral sucker ; testes rounded or 
ovoid (lobed in P. lobatus) symmetrically situated one on 
each side near ventral sucker about middle of body or in a 
few species behind ventral sucker and middle of body ; ovary 
in front of testes to the right side (in median line in P. 
lobatus) near or in front of ventral sucker ; viteilaria 
composed of somewhat rounded or oval follicles regularly 
or irregularly distributed in anterior region of body 
in front of ventral sucker ; cirrus sac large, pear-shaped, 
usually curved somewhat like S situated with its long axis 
parallel or somewhat transverse to the length of body; pars 
prostatica well developed, rounded or oval in outline ; excretory 
bladder Y-shaped with terminal or subterminal and ventral 
excretory opening ; uterus convolutions confined to posterior 
half of body behind ventral sucker ; ova when ripe have a 
deep brown shell and measure 0’020 — 0‘035 mm. in length 
and O'Oll — 0‘016 mm. in breadth ; in duodenum and small 
intestine of Amphibia and chamaeleon (PL arcanum in cysts 
around pylorus and the surface of liver in American 
frogs). 

PI. daviger Kud and PL lobatus Ozaki differ from all 
other species of the genus in certain remarkable features, 
we therefore think it worth while to divide tlie genus into 
two sub-genera PUurogenes Telogonella- 
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Key to the Subgbnera. 


Subgerais . 
Pleurogenes,., 


Sub genus 
TelogoneUch 

SuBGENES Pleerogenes N. Sobgon. 

Suckers more or less equal in size; ventral sucker 
lies about middle of body ; intestinal caeca reach about 
middle of body length ; genital opening near left border 
at level of pharynx or near oral sucker; testes rounded 
or oval symmetrically situated at about level of Amntral 
sucker near or just behind blind ends of intestinal cae(‘.a ; 
ovary to right side in front of ventral sucker ; in duodenum 
and small intestine of Amphibia and chamaeleon. 


Intestinal caeca reach near middle of body about the 
icTel , of Yentral sucker ; genital opening- in -front of intesti- 
narbifuroatioii near oral Slicker 

Intestinal caeca extend much behind Tentral sucker 
reaching about the last quarter of body ; genital opening 
at level with or behind intestinal bifurcation and about 
midivay between pharynx and ventral sucker ... 


Key to the Species oi? titts Pj, 
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Sebgenus Telogoneela. N. Subgen. 

Suckers unequal in size ; oral sucker distinctly larger 
than ventral sucker ; ventral sucker quite in front of middle ; 
intestinal caeca very long extending as far as last quarter 
of body but not reaching hinder end ; genital opening to the 
left side at level with or behind intestinal bifurcation and 
about midw'ay between pharynx and ventral sucker; testes 
somewhat rounded or lobed, symmetrically situated slightly 
in front or just behind blind ends of intestinal caeca 
and always behind ventral sucker ; ovary rounded or lobed, 
median or to right side close in front or to the side of 
ventral sucker ; excretory bladder V-shaped with a terminal 
opening ; ova 0‘021 — 0’033 mm. in length and 0‘012 — 0‘016 
mm. in breadth; in small intestine or bile duct of Amphibia. 

Key to the Species. 

Testes and ovary lobed; ovary median ; genital pore much 
'behind intestinal bifurcation; oesophagus small ■... 

Testes and ovary with entire margins ; ovary to the right 
side; genital pore at level with intestinal bifurcation; oesopha- 
gus moderately long. 

3. Beandbsia Stoss. 

Body much flattened and somewhat rounded; size 
small; skin beset with spines ; suckers well developed; pha- 
rynx present ; oesophagus small ; intestinal caeca terminating 
about level of ventral sucker ; genital opening to left side in 
the neighbourhood of ventral sucker ; testes symmetrically 
situated in anterior part of body in front of cirrus sac and 
ventral sucker; ovary lobed situated behind testes near 
median line on dorsal side at about level of ventral sucker ; 
receptacnlum seminis large ; long Lanrer’s canal with 


Ph lohatm. 


PL claviger. 
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an opening far behind present ; Titeliaria composed of a 
small number of follicles present on either side in anterior 
part of body near oral sucker and in front of testes ; muscular 
cirrus sac well developed and lies at about level of ventral 
sucker ; excretory bladder small and Y-shaped with a sub- 
terminal and ventral excretory pore ; numerous uterus con- 
volutions fill posterior part of body behind ventral sucker 
and dorsal half of anterior part reaching near vitellaria ; eggs 
very numerous with a somewhat thin and deep brown shell 
measuring 0’030 mm. long and 0.013 mm. broad; live in 
cysts behind pylorus of frogs. 

B. TURGiDA Erandes. 

Length 2 — 2‘.5 mm. ; body with a flattened ventral and 
very strongly arched dorsal surface ; during extension hind 
end appears somewhat pointed ; oral sucker situated ventrally 
behind anterior end measuring 0‘55 mm. in diameter; ventral 
sucker behind middle near hind end of body with 0’33 mm. 
diameter ; intestinal caeca terminate at the sides of ovary or 
about level of ventral sucker ; testes and ovary lobed ; in 
Band esculenia. The above definitions of the genus and 
species are mainly taken from Liihe’s Susswasserfauna 
Deutschlands on Treraatoda (11). 

4. GtAneo Klein. 

Body elongated, tongue-shaped, elliptical, oval or oblong ; 
small or middle-sized; cuticle of whole body or anterior part 
covered with small spines ; ventral sucker situated at border 
of anterior and middle thirds of body ; oesophagus short or 
moderately long; intestinal caeca extending about or beyond 
Hh length of body but never reaching hind end ; genital 
opening lies ventrally near left border in anterior part about 
middle of oesophagus, or middle of distance between pharynx 
and intestinal bifurcation or in neighbourhood of the latter 
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and opens into a deep cavity formed by invagination of tiie 
body-wall (genital atrium or cloaca) ; testes in posterior part 
of the anterior third of body obliquely behind each other or 
one on each side ; anterior testis lies anterior to ventral 
sucker and the posterior with its hinder border nearly at the 
same level with it, or the former in front of ventral 
sucker and the latter behind it, or both somewhat behind it; 
ovary behind testes and in front of middle half of body ; 
vitellaria situated laterally in middle third of body ; true 
or muscular cirrus sac absent ; parenchymatous sheath sur- 
rounding male efferent apparatus, i.e., pseudo-cirrus sac 
present or absent ; latter elongated more or less straight, 
slightly or strongly curved reaching ventral sucker near 
its posterior edge ; uterus convolutions transversely 
arranged occupying the space between intestinal caeca 
behind ventral sucker and reaching hind end of body ; 
raetraterm absent ; eggs oval or elliptical with a dark brown 
shell measuring 0‘026 — 0‘034 mm- in length and 0’014 — 
O'OIS mm. in breadth ; excretory bladder U-shaped with a 
very small posterior median stem ; excretory pore terminal 
or subterminal ; parasitic in intestine of Amphibia. 

Key to the Species and Varieties. 


Pseudo-cirrus sac present ; ex- 
cretory pore terminal 


l" Oesophagus .moderately f Oaeca to ftli 
long; pseudo-cirrus sac j body length, 

more or less straight or gloltoides ; 

slightly curved. i Caeca reach 

near hind 
\ end. (r, glot- 

j toides var, 

* 1 africana. 


Oesophagus small; 
pseudo-cirrus sac 
strongly curved* 


G, gloUoides 
var. madra^ 
sensis. 


Pseudo- cirrus sac absent ; 
excretory pore siibtermlnai. 


G. tigrimmi. 
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9. Explanation of Plates. 


Plate 1. Fig. 
Plate 2. Fig, 
Plate 3. Fig, 

Plate 4. Fig. 


1. Ventral view of G, tigrmiim. 

2. Ventral view of G, glottoides var. madrasejisis, 

3. Ventral . view of PL gastroporus var. equalis, 

4. Ventral view of Pt\ indictis. 

5. Longitudinal horizontal section of G\ tlgrinum 

showing male efferent apparatus and absence 
of pseudo-cirrus sac. Prostate gland ceils 
lie freely in the surrounding parenchyma. 
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Cells of pars-prostatioa are much distended on 
account of the flow of prostatio secretion 
through them. 

Fig. 6. Part of the above section more highly magnified 
showing parS“prostatioa and prostate gland 
cells. 

Plate 5. Pig. 7 Microphotograph showing ventral view of 
(j. tigrinum. 

Fig. 8. Microphotograph of longitudinal horizontal 
section of 6^. showing gonads^ male 

efferent apparatus and ova. 

Plate 6. Pig. 9. Microphotograph showing dorsal view of t?. 
glo tt aides Y at , madrasensis, 

Plate 7, Fig, 10. Microphotograph showing ventral view of 
Pr. indious. 

Pig. 11. Microphotograph showing horizontal longitu- 
dinal section of the cirrus sac, part of metra- 
term and ova of Pr. indicus. 

Plate 8. F'ig. 12. Dorsal view of PI. gastropor ns var. equalis. 

Pig. 13. Microphotograph of PL gastroporus var. 
equalis. 

All figures except microphotographs are drawn with the aid 
of Spencer’s Electric Drawing Apparatus, 

Explanation oe Letteeikg. 

a. t.j anterior testis ;c.s., cirrus sac; o. u., uterus convolutions 
ex. b., excretory bladder ; ex. p., excretory pore ; g, a., genital 
atrium ; g. o., genital opening ; 1. i. c., left intestinal caecum ; 1. t.y 
left testis; oes., oesophagus ; o. s., oral sucker ; ov., ovary ; p., 
parenchyma ; p. g., prostate gland cells ; p. p., pars prostatioa ; 
p. ph., prepharynx ; ph. pharynx ; p. t., posterior testis ; ps. s.y 
pseudo-cirrus sac ; r. s., reoeptaculmn seminis ; r. t., right testis 
sh. g., shell gland ; sp.^ sperms ; v. s., ventral sucker ; v. sem.j 
vesioula seminalis ; vit., vitellaria ; y. r., yolk reservoir. 
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Table VI showing Chaeactbbistios of the Species of the Gtenus Pleurogenes. 
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Table VII showing Chahaoteeistios of the Species oe the Genus Ganbo. 
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INTRODUCTION. 

Littie being known concerning tbe Helminth parasites 
of Imlian fresh-water fishes, 1 started an investigation of 
the same about four years back. Although Woodland has, 
during this time, published some accounts of cestodes 
collected by him when at Allahabad, there is yet a good 
deal to be brougiit to light regarding tiiGse Indian types as 
the present paper (which is one of a series to follow) indi- 
cates. Still loss is known of tiie Trematodes infecting the 
piscine species of the Indian fresh waters, which are also 
engaging my attention. I find that the fishes of Noiiliern 
India, at least, are as rich in parasitic forms— Trematodes, 
Cestodes, Nematodes and Acanthocephala— as those of other 
parts of the world and present a groat variety of interesting 
types. Two papers have already been pul.dished by me 
during the years 1926 and 1927, a third was read at the 
Lahore (1927) session of the Indian Science Congress and 
is in course of preparation for the press, along with a few 
others. 

Family ONCHOBOTHRIIDAE. 
f?e«??g-~ACANTHOBOTHRIUM. 

Type — Acaiithobotkrium semnocesmdiim Nov. Spec. 
(Figs. 1 to 9 and Text Fig. 1). 

Host — Hypolophus sephen Mull and Henle ( = Trygon 
sephen Cuv.) 

Locality — Allahabad (Ganges and Jumna). 

Habited — Spiral value. 

Time — July and August, 1926. 

T\\q. (xQnViS Aeanthobothrimn^ established as far back 
as 1850 by Tan Beneden, has been fully dealt with lately 
by Southwell (1925) in his valuable Monograph on Tetraphyl- 
lidea and defined as the second genus of the family 
Onchohothriidae (Braun, 1900, emended) with four bothridia 
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“ each armed with two bifurcated hooks ; each bothridinm 
is divided into three loculi by two transverse septa. ” 

The species here described falls witliin the genus 
Acanthobothrium as above defined. A single slide with one 
good specimen only was sent by me on August 13, 
1926, to Dr. Southwell for identification as his Monograph 
was not available to me then. Unhappily tlie slide reached 
liim in a broken condition ; but still, he very kindly took 
the trouble of examining the preparation and regarded the 
specimen as Acanthohothrmm clujardinii. For this kindness 
I am highly indebted to him. Subsequently, however, I 
obtained his Monograph (1925). On comparing my other 
preparations of the same material Avith the descriptions and 
figures given in it of A. dujardinii and other species of the 
genus, I felt convinced that my specimens differed markedly 
not only from A. diijardinii but also from other known 
species. Dr. Southwell, owing to the breakage of the slide, 
I think, did not see a complete specimen and hence was 
unable to form a correct idea of it. Therefore I am describing 
here this worm under the name Acanthobothrium semnovesi- 
because it has a very prominent and characteristic 
vesicula seminalis. 

The cestodes Avere obtained in abundance from throe 
out of the fiAm fishes dissected. They are almost all of 
equal length, but their size Amries when fixed from 10 mm. to 
15 mm. according to the condition of contraction of the 
specimen. During life they become considerably longer, 
often appearing as extremely fine delicate threads waving 
to and fro in the intestinal contents. It is difficult to remove 
them entire, Avith their scolices, as they are rather firmly 
attached to the walls of the intestinal valves. A number of 
isolated segments were, in each case, seen freely moving 
about like a trematode in the vessel in which the contents 
of the intestine were placed. These on being transferred 
to salt solution of normal strength were found dead next 
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morning; but on examination under the microscope still 
clearly showed that they were mature and ripe segments 
that had become detached from the parent strobila. 

Exteriud Gharacters.— The cestodes when alive expand 
themselves to a length of 2 to 3 inches, but, on fixation in 
hot corrosive sublimate or warm alcohol, show' the following 
mean dimensions in mm. 



Head. 

Total length 
of hook. 

Neck. 

First 

distinct 

segment. 

Middle 

segment. 

Last , 
segment. 

1 

Length 

()-34 

0-092 

0-6 

0'03 

0-14 

2'4 

Breadth 

0-26 

... 

0-13 

0-16 

0-18 

0-3 


The strobila is slender, linear and oval in cross section. 
Segments begin a short distance back of the scolex as crowded 
transverse lines and are at first a number of times broader 
than long, becoming squarish, then longer than broad. 
Maturing and adult proglottids are longer than broad, and 
free ones are still longer. 

The total number of segments in an individual varies 
from 18 to 24, but tho majority of specimens have 21 seg- 
ments. As the proglottids are, as a rule, shed from the 
body on attaining maturity no ripe or gravid segments are 
met with in any of the permanent mounts of entire worms. 
The genital pores alternate irregularly (Pig. 1) and their 
position, which is marginal, varies a little about the middle 
line of the proglottids. 

Head . — The head or scolex is nearly sub-quadrate 
wdth a somewhat broader hinder portion. In life it is 
capable of appreciable changes in shape and size. The 
bothridia are four in number, arranged diagonally on short 
pedicels which become manifest in the living worm only 
under a particular condition of the head (Text Fig. 1)). 
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They are directed backwards and assume on being fixed 
the form of an elongated oval or an egg having an average 
length of 0'3 mm. and an average breadth of O’l mm. 
These dimensions are capable of variation owing to great 
powers of contraction and expansion exhibited by them. In 
this species not only the anterior ends of the bothridia, as 



TKXT PlGTTRB 1. 

Showing alterations in size and shape of the head of a living A. 
semnovesiculum : 1. hooks ; 2- bothridia ; Si bothridial stalk ; 4. neck. 

observed by ll-nioxi m A. brevissimum { = A. paulmn 

Linton 1908), but also the posterior ends are very mobile 
and often expand themselves into narrow prolongations 
by a corresponding elongation of the entire head. The 
alterations in shape of the bothridia and head are diagram- 
raatically represented in Text Fig. 1. Each bothridium 
is divided into three unequal loculi by two curved transverse 
costae ; the anterior loculus is the largest, the posterior the 
smallest.' 

A distinct triangular pad (probably muscular as well as 
glandular) bearing at its apex a single accessory sucker is 
situated in front of each bothridium. The suckers are 
rather feebly developed, easily visible in the living state, 
but not perceptible in most permanent preparations. Their 
internal diameter in pressed specimens is about 24 Over- 
hanging each anterior loculus, between it and the triangular. 

17 
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pad, lie a pair of bifurcated hooks with unequal prones of 
size given below : — 


Total length 

Length of handle 

Length of 

Length of inner 

of hook. 

to bifurcation. 

outer prong. 

prong. 

85 to 100 

31 to 33 jM. 

42 /A to 55 /X 

48 p to 70 p 


The inner prong bears a small tubercle near its origin 
and the handle as well as the two prongs have a narrow 
cavity in the middle running throughout their length (Figs. 2 
and 7). 

Neck . — The neck is fairly long varying in length from 
300 p. to 900 p according to its condition of contraction, and 
does not bear spines. It is narrowest behind the head, 
gradually becomes broader posteriorly and passes iinper- 
ceptibly. into, the commencing proglottids. Throughout its 
length it is traversed with a number of stout bands of longi- 
tudinal muscle fibres running through the head to the both- 
ridia. These muscle bands are quite distinct in stained 
preparations of pressed material. 

Intbbnal Anatomt. 

Muscular system . — The cuticle is smooth and thin: it is 
very transparent on the neck and head. The musculature 
of the strobila is weak but in the neck and a few anterior 
segments the longitudinal muscles are well developed, special- 
ly the internal layer. In hinder segments the longitudinal 
muscles appear in transverse sections, as a number of small 
bundles scattered in the parenchyma. No circular and 
oblique muscles were detected in any section ; they are there- 
fore very feebly developed. The space between the cuticle 
and the layer of inner longitudinal muscles is occupied by 
spongy parenchyma with wide meshes, 
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—This was not studied. 

Excretory system . — This system probably resembles that 
of the type species, but it is so poorly developed that the two 
small vessels on each side are frequently not seen at all. 

Tesfes.— The testes (Fig. 3) show a regular arrangement. 
They are more or less uniformly distributed along the lateral 
proglottis margins except towards the anterior end where 
the two fields display a tendency to coalesce, through a 
number of smaller testes lying in between. In well- 
expanded maturing segments they are arranged in a single 
row on each side ; but in some segments the two testes of 
an adjacent group alternate in position, one lying slightly 
outer than the other, so as to present the appearance of a 
double row. In the anterior segments and those contracted, 
they are more crowded but the two-field distribution is 
always maintained. Their number in developed segments 
varies from 42 to 55 and they are arranged in such a way 
that 23 of them lie on the poral side, 5 to 7 behind the 
genital pore, the rest in front of it. On the aporal side the 
total number is 24 or 25 and 3 to 6 form the anterior group 
connecting the lateral rows. As the younger proglottids 
contain a smaller number of testes, it appears certain that, 
with the growth in size and maturity of segments, new testes 
are formed at the anterior end and gradually shifted to one 
side or the other, hence the invariable presence of the 
smaller ones towards that end only. The long axes of the 
testes are parallel to the transverse axis of tlie proglottis and 
their size varies within fairly wide limits. The smallest of 
the anterior group, in the last but one segment of a specimen, 
measure 52 m X 48 f* whereas the larger ones adiout the 
middle measure 80 /x, x 60 /». 

Fas deferens . — The cirrus is long, tapering and spinose. 
When everted it measures 0'352 mm. in length and 0‘05 
mm. in breadth at the base. The spines are long, delicate 
and bristle-like and line the cavity of the canal when 
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the organ is retracted within the pouch (Fig 9). The 
cirrus pouch is a conspicuous pyriform or pear-shaped struc- 
ture, with rather weak walls, lying on the posterior side of 
the horizontal portion of the vagina. It extends towards the 
median line to about the centre of the segment and has an 
average size, in mature joints, of 160 jn X 96/^. In mature 
joints the retracted cirrus is partly folded in the pouch and 
continues antero-mediad as the vas deferens which forms a 
few coils before leaving the sac. Outside the pouch, the 
vas deferens crosses the vagina as a narrow oblique tube 
and, in the posterior four or five segments (Fig. 9), con- 
tinues as a wider transversely convoluted tube, the seminal 
vesicle. The vesicle is full of sperms (Fig. 5), completely 
fills up the space l)etween the testicular fields in front of the 
genital pore and terminates a short distance back of the 
anterior proglottis margin. It forms a [)rominent character- 
istic feature of the mature segments and is not known 
to occur in such a developed form in other species of the 
genus Acanthohothriuni. In an allied genus Onchohotkrkim^ 
in some species as 0. tortum Linton (1917) a similar 
condition of the seminal vesicle is met with. It is not 
very convoluted in anterior segments, but takes the form 
of a median somewhat wavy tube which becomes 
less so as we proceed towards the anterior end of the 
worm. 

Ovary . — The ovary is clearly visible from segments 8 
to 10, though the testes can be distinguished from a few 
segments more anteriorly. It is a U-shaped organ situated 
along the posterior and postero-lateral margins with 
the two limbs of unequal length. The poral arm extends 
to the posterior margin of the cirrus pouch and the 
aporal one a little more anteriorly, reaching in some 
proglottids the level of the horizontal portion of the 
vagina. The length and breadth of the ovary varies from 
segment to segment. In the last joint of an average- 
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sized specimen it bears the following dimensions in 
mm. : — 


LeDgfcli of poral 

■ '.'Wing.' ; 

Lengih of aporal 
wing. 

j . .. i 

Greatest breadth (in 
front of shell gland). 

^ 11 ■ 

i 

T23 

oie 


The short ovarian isthmus opens into a median 
globular organ the “ egg swallower ” w'hich has its walls 
provided witli circular muscle fibres and continues poste- 
riorly into a curved, highly muscular oviduct with large- 
nucleated muscles (Kgs. lands). This muscular portion 
probably serves as an efficient “ pumping organ ” or “ egg 
ejector.” The oviduct then soon receives the narrow sperm 
duct from the vaginal seminal receptacle aud curves round 
backwards as the fertilisation canal. At the other end of 
the curve it is joined by the thin-walled common vitelline 
duct and terminates in the ootype (Fig. 4 ). 

Vagina. — The vagina opens at the genital pore in front 
of the cirrus and exactly resembles that of Phyllobothrium 
tumidum lin ton (1922) in the following particulars: “Its 
course is at first antero-mediad to near the median line, 
where it turns abruptly posteriad to follow the median line 
until near the posterior end of the proglottis, where it 
joins the germ duct.” Hear the exterior it is narrow ; it 
then enlarges in diameter, tapering more slowly to the 
curve, so that the antero-mediad portion is nearly fusiform. 
“ Along the median line the diameter is reduced,” and 
remains nearly uniform. The course along the median 
line is nearly straight, or in some cases, slightly sinuous, 
until a short distance in front of the ovary “ whore 
it is again dilated and functions as a seminal receptacle ” 
Figs. 3 and 4). 
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Shell gland . — This is a distinct pear-shaped mass of 
granular cells disposed round the ootype and opening into 
it from all sides. It has a transverse diameter of 32 to 
48 and lies in a clear space on the mid-line behind the 
ovarian isthmus, between it and the base of the ovary. Thus 
it is practically surrounded by the ovary. In position, 
nature and arrangement of the ovary and the shell gland 
this worm closely resembles A. hemdenii Lonnberg (= 
.1. paidiim Linton) as described by Southwell (1925) on page 
63 of his Monograph. 

Vitelline glaiuh . — The vitellaria begin near the anterior 
end of the segment and continue, as a single row of oval 
Or rounded acini with a mean diameter of 0T5 mm., along 
the lateral margins of the proglottis, just outside tlie outer 
border of the testes and the ovary, to the posterior end. 
Their ducts are very narrow and often not seen at 
all. 

UterKS.— Thu uterus lies along the median line as a 
thin-walled narrow structure extending from the region of 
the shell gland towards the anterior extremity of the prog- 
lottid. It is, in entire mounts, partly overlapped by the 
vagina and completely masked in front by the vesicula 
seminalis in all posterior segments. No eggs are seen 
in the uterus owing to the fact that the segments are 
detached from the strobila before they ripen as already 
mentioned. 

Figure 4 gives a magnified view of the female duets 
in the vicinity of the shell gland. 

Affinities . — The character of the head, particularly of 
the botbridia and of the hooks, places this wmrm in the 
genus Acunthobothyinm, but it cannot be referred to any of 
the known species. In the dimensions of its body it ap- 
proaches A. crassicolk, A. benedenii and M- dujardinii but 
diifers from them all in the non-spiny character of its neck, 
in the voluminous convoluted vesicula seminalis it possesses, 
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in the number of segments on the strobila and the size of 
its hooks. It can be further distinguished from — 

(i) A. bemdemi, hy carrying a fewer number of seg- 
ments on its body, by the smaller size of its hooks, 
by the regular disposition of its testes and the 
relatively larger size of the ovary. 

(it) A. crassicolk, by the smaller number of body 
segments, by the much smaller dimensions of its 
hooks, by the two-field distribution of its testes, 
by its U-shaped ovary and by the inner prong 
of each hook being longer than the outer. 

(ui) A. dtfjardinii, by its smaller suckers, by a 
larger number of proglottids on the strobila and 
by a much larger number of testes in each seg- 
ment. 

Therefore taking into consideration the length of the 
worm, the nature and size of the bothridia andthe hooks, 
the number of body segments, the number and arrangement 
of testes, and, above all, the presence of a conspicuous vesicula 
seminalis there can be no manner of doubt that this cestode 
furnishes features sufficiently distinctive to characterise it 
as a new species. 

Diagnosis of A- semnovesimlum nov. spec. — Length 8 — 15 
mm- Head distinct with fourbothridia directed backwards and 
measuring, on an average, 0’3 mm. X 0‘1 mm. Each bothri- 
dium divided into three unequal loculi ; the anterior the larg- 
est, the posterior the smallest. A pair of bifurcated hooks 
of length 85 — 100 /«. on the proximal border of the anterior 
loculus of each bothridium, inner prong of each hook longer 
tlian the outer. In front of each pair of hooks a triangular pad 
carrying a single accessory sucker of diameter 24 /». Length 
of neck 0’3 — 0‘9 mm., according to condition of contraction. 
Segments gradually increase in size progressively along 
the strobila. attaining a maximum in the last proglottid 
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which measures 2‘45 mm. X 0*34 mm. in flattened mounts. 
Testes number 51 (42 — 55) in maturing segments, in two 
longitudinal fields with a tendency to coalesce anteriorly. 
Vesicula seminalis Yoluminous, prominently coiled in ante- 
rior half of a few of the hinder joints. Genital pores margina], 
irregularly alternating, near middle of proglottis length. 
Cirrus long, spiny. Host, Hypolophus seplien. 

Type slides containing stained preparations and also 
unmounted specimens are deposited in the collection of tlie 
Zoological Survey of India, Indian Museum, Calcutta (I^o. 

), and also in the reseiwe collection of the Department of 
Zoology^ the University, Allahabad, 


Key to Species oe apteh Southwell, 

MODIFIED TO INCLUDE THE NEW SPECIES. 

Tlie prongs of each hook are equal in length 1. 

The prongs of each hook are unequal in length 2. 

1. Total length of hook 230 each both- 

ridium with a single accessory sucker ... A., coronaium 

Kiidolphi, 1819. 

Total length of hook 140 to 170 
each bothridium with three accessory 
suckers ... ... A. ijvnai^ 

Yosluda, 1917. 

2. Outer prong of each hook shorter than 

inner prong ... ... ... 3. 

Outer prong of each hook a little longer 

than inner prong ... ... A, crassieoUe^ 

WedL, 1855. 

3. Worms containing more than 200 seg- 

ments ... ... ... 4. 

Worms containing less than 40 seg- 
ments ... ... ... 5. 

4. Total length of hook about 400 /A ... A. macracanfhumj 

Southwell, 1925. 
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Total length of hook about 200 A, herdyiiani, 

Southwell, 1912. 

Total length of hook about 100 ... A tincinatum^ 

Eiidolphi, 1819. 

5. Seminal vesicle distinct, voluminous ; 

segments less than 25 (18—25), testes 

about 50 in each segment ... A, semnovesiculum 

Nov. Spec, 

Seminal vesicle indistinct or absent ... 6 

6. Segments less than 12, testes about 20 

in each segment ... ... A. dujardinii^ 

Van Ben., 1849. 

Segments more than 30, testes about 
45 in each segment ... ... J.. henedenii, 

Loennberg, 1889. 


Family PHYLLOBOTHRIIDAE. 

Genus and Species — Inquirenda. 

Host — Eutropiichthys A''acha Day (=Pimelodus vacha 
Ham. Buch). 

Allahabad. 

Date — 14th April, 1927. 

I examined quite a large number of tlie aboYe-iiamed 
siluroid fish (commonly known as the butter-fish) for tre- 
matodes. In one of these, on the date indicated, I noticed four 
minute cestodes in the contents of the rectum. These, on 
removal to salt solution, were found very inactive ; at least 
two of them were quite dead. On examination under 
the microscope they were foundto contain no mature segment 
on the chain and hence their exact position, in the family, 
could not be ascertained. The single stained preparation 
made, also, does not show any internal organs (Fig. 10), 
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but the sketches taken in life, reproduced as Text Fig. 2, 
give a fair idea of the external anatomy of the worm. 



The cestode measures 1’5— 2’0* in length and 0*15 in 
greatest breadth. The number of proglottids on the strobila of 
the largest of them is only 10, in others still less. The header 
scolex is well marked off from the body. It measures 0'21 — 0‘25 
in length and 018 — 019 in width and carries four bothridia 
with simple edges. No accessory suckers could be observed 
on the bothridia owing to inactivity of the worms, but there 
appears to be present an apical organ or sucker (Fig. 10) 
anteriorly between the bothridia. The neck is most probably 
absent and the first segment, in these expanded specimens, is 
nearly as wide as long. The following proglottids are 
increasingly longer than broad, the last having a length five 
to seven times the breadth (0*68 X 014 in one individual 
and 0'65 X 01 in the other). 

The presence of four unarmed Ijothridia, without 
costae (and separation of the segments from the chain bcfori' 
maturity) are undoubted phyllobothriid characters. Beyond 
this I am unable to say, just at present, concerning the genera 
or species as I could not collect more specimens owing to my 

* All measurements given hereafter are in mm. unless other- 
wise stated. 



SOME CESTOBES JaCM INDIAN ElSHES 133 

absence from Allahabad during the summer months and 
the difficulty of obtaining these fishes later owing to their 
migration. With the return of winter they will again be 
procurable here and an attempt will then be made to 
obtain more of these parasites and to study them in detail. 
The occurrence of a phyllobothriid in a fresh-water siluroid 
is, however, remarkable. 

Fajiily ICHTHYOTAENIID AE. 

ICHTHYOTAENIA. 

Type — Ichthyotaenia vitellaris. Yov. Spec. 

Host — Bagarius yarrellii Sykes ( = Pime}odus bagarius 
Ham. Buch.). 

Locality — Allahabad, India. 

Date of collection — 28th September, 1926. 

Two specimens of a large species of tape worms clearly 
referable to the genus Ichthyotaenia Ijoermhevg, 1894 { = Pro- 
teocephalm Weinland, 1858) were obtained on the above- 
mentioned date from one out of three siluroid fishes Bagarius 
yarrellii, dissected that day. 

In general aspects this eestode resembles other Ichthyo- 
taeniids and is like Ichthyotaenia ( = Proteocephalus) ritaii 
which I described last year (1926) so far as external 
characters go, with the exception of the body size, the 
much larger head and the well-developed apical organ. The 
length is at least 25 cm. and the breadth of ripe proglottids, 
on fixation, 2 mm. and in flattened mounts 3 mm. The body does 
not narrow much at the head end (Fig. 11). The neck is fairly 
long and nearly of uniform thickness ; its breadth , in permanent 
preparations, measures r2. It is terminated in front by the 
scolex which is about 0'8 Avide and about 0’52 long. There 
is hardly any rostellar region and no spines Avere seen on 
the scolex, the suckers or the neck. 

The apex of the head in front of the four suckers bears 
at its top an inverted cup-shaped or cap-like organ which 
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is Yery conspicuous and appears both muscular as well as 
glandular. Of the two seolices obtained one was partly 
crushed and the other was mounted entire. Therefore no 
sections of the scolex were cut and hence its minute structure 
cannot be indicated, but a fair idea of it can be formed 
from the balsam mount (Fig. 12). Owing to the cap-like 
arrangement of its muscles it seems to be more in the nature 
of a rudimentary rosteilum than a fifth sucker. The suckers 
(diameter 0T6)* are spherical structures with muscular 
walls and anteriorly directed narrow openings having a 
diameter of 0'05. 

The first traces of segmentation are visible from some- 
where between 6 to 10 mm. behind the head region. The 
external division between the segments is not at all marked 
till about the middle of the strobila, and is faint throughout. 
It is difficult to determine the limits of a large number of 
anterior segments, but they are considerably broader than 
long. At a distance of 8 to 10 cm. behind the scolex 
the proglottids are only 0T5 long but their width is about 
r75. After another 6 cm. are passed, the segments (Fig. 
13) are five to seven times as broad as long. The mature 
segments (with no uterine diverticula) are met with in the 
posterior third of the strobila and are nearly half as long 
as broad. It is only the extreme ripe proglottids that attain 
a length nearly equal to that of the breadth. The segments 
on the strobila are therefore generally broader than 
long ; those near the posterior extremity (ripe ones) are a 
bit less broad than the mature segments lying in front of 
them. The number of proglottids on tlie strobila, owing 
to indistinctness of a considerable number of anterior 
joints and the breakage of the individual into pieces during 
removal from the host, cannot be precisely stated. In 
the mounted portions of a single specimen beginning from 

*• All measurements unless stated otherwise are from partlj^ 
flattened mounts of the same wornn 
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the posterior end I counted 60o segments up to within 
6 or 7 cm. from the anterior end. The total number can 
reasonably be put down about 700 or more. The genital 
apertures are just submargiuai, irregularly alternating and 
situated a little in advance of the transverse middle line of 
the proglottid . 

Internal Anatomy. 

Muscalar system. — The cuticle is very thin and easily 
drops off, in many places, in sections of preserved material. 
The usual two layers of longitudinal muscles are seen in trans- 
verse sections of mature proglottids (Fig. 16) — an indistinct 
external layer outside the nucleated region of the subcuticula, 
and a thicker internal layer of longitudinal muscles demarcat- 
ing the cortex from the medulla. The fibres of the latter layer 
are strong but do not form compact bundles. They are either 
scattered singly in the parenchyma or are arranged in loose 
groups of two to six. In horizontal sections passing through 
the body-wall (Fig. 17) they are distinctly seen to branch freely 
and to form a layer of muscles arranged in network fashion 
wdth wide interspaces. A thin layer of circular muscle 
fibres is visible in transvei’se sections (Fig. 15) on the inner 
side of the internal longitudinal muscle fibres. The medullary 
parenchyma, particularly in the centre, is traversed by slender 
transverse as well as oblique muscle fibres like those described 
in IcMhyotaenia gabonka (Beddard, 1913). In fact these 
fibres are so close at places that one might well regard the 
whole parenchyma of the region to have become fibrous. 

Excretory system. — The principal excretory vessels are 
four in number, t^wo dorsal and two ventral, all lying in the 
medulla. The dorsal and ventral vessels of a pair are nearly of 
the same calibre. In the head region these longitudinal trunks 
form complete loops round the corresponding sucker and are 
connected with one another in the manner indicated (Fig.l2). 

Male generative organs.— Thb testes (Fig. 14) are numer- 
ous, 250 — 275 in fully mature segments and present the 
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typical arrangement met with in the genus. Tliey fill the 
w'hole proglottid between the vitellaria and the ovai'v, 
though often not quite so densely arranged in the median 
area. They lie along the dorsal surface of the medulla in 
a single field, only one deep, except towards the lateral 
regions where they are sometimes two deep. The testes 
begin to mature much earlier than the ovaries. In segments 
about the middle of the strobila (Fig. 13) and further ante- 
riorly, where the female gland is yet a narrow streak, the 
testes have already assumed their characteristic shape and 
are seen loosely packed with testicular cells. In mature 
and ripening segments their cavities are full of masses of 
spermatozoa. 

The cirrus sac is longer than broad, almost oval in form. 
It measures O' 14 along its widest part and extends medially 
to about l/6th of the proglottid breadtli. The sac has thin 
walls and lies peculiarly close to the ventral surface of the 
segment (Fig. 15) instead of occupying the usual median 
position between the dorsal and ventral body-wall. It 
pushes the layer of internal longitudinal muscles lying on 
its ventral side towards the cuticle, practically obliterating 
the cortex in that region. The unarmed cirrus lies feebly 
coiled within the sac. Its distal part is wider and nearly 
straight, but the proximal part is narrower and folded upon 
itself once or twice. It is sui'rounded by a narrow^ layer of 
circular muscle fibres outside which lie the gland cells. 1 
never observed the cirrus in a state of protrusion. 

The vas deferens has a few coils inside the cii-rus sac, 
and after issuing from it forms, in ripe segments, many 
convolutions along its inward course. In transverse sections 
of such segments (Fig. 15) it occupies a considerable por- 
tion of the medullary region and is full of sperm masses. 
The tube forming the coils is thin-w'alled, of wdde calibre, 
and extends medially to about the middle of the segment. 
The vas deferens, in maturing proglottids, is much less 
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conYoIuted and appears as a more or less wavy line passing 
directly towards the proglottis centre. The cirrus sac 
always lies posterior to the vagina and opens into the very 
shallow genital atrium situated close to the proglottid margin 
on its ventral aspect. 

Female generative org'ans.-— The ovary, as usual, lies 
along the posterior proglottis margin and consists of two 
fusiform masses of compact follicles united in the middle by 
a slender bridge. Though irregular in outline it is not 
produced into digitate processes. It extends on either side 
to about one-fourth the breadth of the segment from the 
lateral margin. In the anterior maturing segments it is 
very narrow, and although the testes are fairly developed 
it is seen as a mere wavy streak. In both of my specimens, 
at : irregular intervals, the ovary presents remarkable abnor- 
malities as indicated in Text Fig. 3, drawn from various 



Abnormal condit ions of oTary and -vitellana seen on various parts of the 
strobila of i. tntcllaris, A and B well- developed segments; 0. anterior 
segments: (1) normal ovary; (2) abnormal ovary; (3) vagina; (4) vitellaria* , 

"18 
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portions of the strobila of the individual. Fig. A repre- 
sents a maturing segment in which, in addition to the normal 
ovary, is found another similar structure along the anterior 
margin. Curiously enough the vagina is connected with 
this abnormal ovary, the normal gland appears to go with- 
out it. At another place (Fig. B) is met with a segment 
having both an anterior and posterior ovary, but here the 
vagina is related to the latter as in the ordinary condition. 
In the first case the proglottid in front of the abnormal one 
has a normal ovary, but in the second case it has an ovary 
situated along the anterior margin only and the related ducts 
also show a corresponding variation. The vitellaria, in such 
segments, follow the female gland and develop on the anterior 
or posterior or both margins according as the ovary is present 
on one or both sides. In Fig. C is depicted another set 
of variations of the ovary seen in the more anterior portions 
of the strobila and repeated at two or three places. It can 
be seen from this figure that one-half of the ovary is deve- 
loped in one segment, the corresponding half in the other ; 
each of these halves has its own vagina, and there is 
no doubt of the two segments being quite independent 
of one another. A still more interesting feature is the 
occurrence of an incomplete segmentation (Fig. C) where two 
vaginae from different ovaries Tun into a common genital 
pore. I am unable to suggest any explanation of these 
often repeated abnormalities and am so far unaware of 
the occurrence of a similar phenomenon in any other 
cestode. 

The shell gland is conspicuous and lies in the ovarian 
interspace between its two halves and the central connecting 
piece. The egg-ejector or “ Schluckapparat ” is less pro- 
minent and muscular but not large. It continues into a 
muscular dilated oviduct which after a single or double curve 
receives the vaginal duct and becomes continuous through 
the ootype into the uterine duct (Text Fig. 4). 
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The vagina is slightly dilated at its outer end and has 
its own separate coat of glandular cells throughout its length. 



Interrelations of female ducts in the inter-ovarial space of X vUellaris. 
(1) vaginal duct ; (2) oviducal bulb ; (3) fertilisation canal ; ^ (4) vitelline duct ; 
(5) ootype ; (6) shell gland ; (7) uterine canal ; (8) ovary ; (9) isthmus of ovary. 

It opens into the genital pore or the shallow atrium from the 
dorsal side (Figs. 14, 15) and continues inwards along the 
anterior border of the cirrus sac. In maturing segments 
the whole of its liorizontal portion lies clearly anterior to 
the vas deferens, but in fully mature and ripening proglottids 
the latter grows highly convoluted and overlaps the vagina 
here and there. On reaching the centre of the proglottis 
it takes an abrupt turn and runs medially backwards towards 
the ovarian bridge which it crosses dorsally. 

The vitelline glands are very peculiar and resemble 
those of Proteocephalus perj)lexus La Rue, 1914 [ = Ichthyotae- 
nia perflexa (Meggitt, 1927) ]. On each side they form a 
L-shaped structure extending along the lateral margin of 
the proglottis and continuing posteriorly towards the ovary 
which they often partly overlap (Fig. 16). The transverse 
vitelline ducts are not visible in toto mounts and can be made 
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out with difficulty in transTerse sections. They appear 
to arise as slender tubes from the inner end of the posterior 
part of the ^dte]la^ia, on each side, and running behind or 
above the ovary unite into a common portion in the inter- 
ovarial space (Text Fig. 4). 

The uterus is fully developed in ripe proglottids only. 
It can hoM'ever be seen in maturing segments as a tubular 
structure lying in the median line, ventral to the vagina, 
extending from the anterior border of the proglottid 
to near the ovary. On its dorsal side it receives posteriorly 
a narrow wavy duct connecting it with the ootype. When 
full grown, it sends out on each side of the median stem 
five diverticula which are in close contact witli one another 
(Pig. 16.) and contain numerous isolated eggs, each with its 
own coats. The external uterine pores are not obvious in 
permanent preparations of entire proglottids nor were any 
detected in the one series of transverse sections cut by me. 

Systematic Position and Diagnostic Chaeactbes. 

In the key to the species of the genus IcMJiyotaenia 
(Meggitt, 1927) given on page 80, the present species falls 
under Section 6, Glroup P. In this group are included three 
species, namely, J. macrocephala * Creplin, 1829 ; J. ritaii * 
Yerma, 1926 'and J. torulosa Batsch, 1786. The species 
here described differs from all these in possessing a pro- 
minent cap-shaped apical organ, a peculiarly situated ventral 
cirrus sac and submarginal genital pore, an extension of the 
lateral vitellaria along the posterior proglottid margin, on each 
side of the ovary and a larger number of testes in eacli 
segment. It also differs in the number of uterine diverticula 
and other minor features. In the nature of its yolk 
glands it approaches Lperpkxa La Rue as already mentioned, 

* T do not agree with Meggitt (1927) that these species appear 
similar. The number of testes in the first according to La Rue 
(1914) is 100—120 (not 100—200 as indicated by Meggitt) and in my 
species 150—200. 
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but that species is distinguished from mine by the absence 
of an apical organ in it, the occurrence of many uterine 
diverticula and other characters. The species is therefore 
new to science and Ichthyotaenia vitellaris with the 

following diagnostic characteristics : — 

Host — The siluroid fish, Bagarius yarrellii. 

Length at least 25 cm. ; breadth 2-3; scolex 0‘8 wide, 
unarmed, with a conspicuous cap-like apical organ. ITeck 
long. Proglottids number 700 or more, denital pore close 
to margin directed ventrally or submarginal, irregularly 
alternating and slightly anterior to middle of proglottis 
margin. G-enital ducts pass between longitudinal excretory 
vessels. Cirrus sac 0'25 X O’ 14 situated close to ventral 
surface, reaches i to i across segment. Cirrus unarmed. 
Testes 250 — 275 in mature proglottids, in continuous dorsal 
field. Vagina anterior to cirrus sac. Uterine diverticula 5 
on each side. Vitellaria L-shaped, lateral as well as poste- 
rior, following along the hinder margin they extend to the 
ovary and often overlap it partly. 

(?e»MS-GANaESIA. Woodland, 1924. 

Type — 1. Gangesia pseudotropii. Nov. Spec. 

Host — Pseudotropius garua. Day (=Silurus garua 
Ham. Buch). 

Locality — Allahabad (Granges and Jumna). 

Habitat — Duodenum and small intestine. 

Quite a large number of this interesting cestode, remark- 
able in more ways than one, was obtained from twenty 
fishes purchased from the local markets from time to time 
during the last session. The number of worms infecting 
the various fishes, obtained on different dates, was recorded 
regularly and is reproduced below in Table I. The per- 
centage of infection is fairly high. Sixty per cent of the 
fishes examined harboured the parasite, but the number of 
worms in a single host is usually limited to one or two ; in 
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one instance only three individuals were found in a single 
host. As the majority of fishes were dead when bought, 
the parasites in some of them had also perished by the 
time they were dissected out. 


Table I. 


Date of 
ool lection. 

Number of 
fishes 
examined. 

Number of 
parasites 
obtained. 

Region of 
alimentary 
canal. 

Isolated 

segments. 

15 11 26 

3 

nil 


■ ■ 

15 12 26 

2 

2 (both 
dead). 

beginning 
of small 
intestine. 

several, actively 
moving in rectum. 

20 1 27 

2 

nil 

... 

1 

4 2 27 

, 

rj 

6 (from 4 
fishes). 

i 

i 

not noted. 

plentiful and 
alive even in fish- 
es in which the 
parent cestode 
had died. 

12 2 27 

3 

8 (2 from 
each fish). 

duodenum. 

1 not noted. 

1 3 27 


1 

, 

1 , 

1 ■ ■ 

duodenum. 

12 ripe and gra- 
vid ones from 
! lower intestine 
and rectum. 

4 4 27 

1 

i ' ^ ^ 

; duodenum , 
; and small : 
intestine, i 

; large number in 
hind gut . 

14 4 27 

1 

2 ' i 

■ ■ ■ '! 

^ I 

beginning 
of small 
intestine. 

. . '■ i 

a few in reeliun. 


Pi-actically every infected fish carried, in addition to 
the parasite, a varying number of detached free segments — 
fully mature to gravid — in the lower intestine, particularly 
the rectum. Even in those hosts in which the worm had 
died these isolated proglottids were quite alive and, on 
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removal to salt solution of normal strength, began to display 
rapid movements. This sho-ws that these free joints are 
more tenacious than the parent strobila. As a rule, they 
are plentiful in the rectum only but a few are often met 
with in the upper regions of the alimentary canal also, 
apparently on their way to the i*ectum from the anterior 
end of the gut where the actual worm lies attached. 

Bxteenal Anatomy. 

As a mean of three specimens, measured alive, in a 
state of ordinary contraction, the following I’osult was 
obtained : — 

Table II. 


Average dimensions in mm. of living examples of G. pseudotropii. 



cS 

■§ Scolex 

CO 

Neck 

10th 

seg- 

ment 

20th 

seg- 

ment 

27th 

seg- 

ment 

Last 

seg- 

ment 

Isolated 

ripe 

segment 

Length 

Maxi- 

mum 

breadth. 

25’0 0-192 

0-18 0-240 

0-72 

0-08 

0-096 i 
0-096 

0-240 

0-126 

1 

0-480 

0-176 

1-0 

0-16 

TO 

0-6 


The above dimensions, when compared with those of indi- 
viduals fixed in hot corrosive sublimate, after being subjected 
to rapid motion in a tube, appear much shorter specially 
as regards breadth of strobila and length of posterior 
segments. On being so treated the worms die well expand- 
ed owing to muscular fatigue and appear dorso-ventrally 
flattened, oval in cross section towards the anterior end, but 
more depressed posteriorly. The hindmost segments in such 
preparations are approximately 1‘3~1 ’8 long and 0‘2 — 0‘25 
broad. Isolated ripe proglottids from rectum, fixed in the same 
way, measure 2 — 3 in length and 0*2— 0’3 in breadth. 
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In permanent pi'eparations of entire worms fixed after 
flattening between two glass slides the various parts measure 
as indicated in Table Ilf. 

Table III. 


Measurements in mm. of an average-sized worm and its detached 
segments, fixed after flattening and mounted entire. 



Strobila 1 

Scolex 

Neck 

' 

Middle 

segment 

Posterior 

segment 

Isolated 

ripe 

segment 

Isolated 
. gravid 
segment 

Length 

o 

o 

CO 

0-288 

0-4 

1-36 ! 

2-72 

6 '56 

4-4 

Breadth 

1 - 0 : 

1 

0-304 

0-1 

1 0-736 

1-0 

1-36 

1'28 


The cestodes are very delicate, usually coiled, and as 
the attachment between the segments of the strobila is very 
weak, it is difficult to separate them entire from the intestinal 
mucus. The hinder segments break off under the or- 
dinary pressure of a glass slide, so the length can, at best, 
be only approximately mentioned as varying between 20 — 30 
mim and the number of proglottids in a complete specimen 
between 30 — 40. My largest example had only 36 segments, 
and in the case of a single individual occurring in one fish 
(Table I, Date 1. 3. ’27) I counted 28 segments on the 
strobila and a dozen free proglottids in the lower intestine 
and rectum of its host. 

The scolex is interesting in that it bears a characteristic 
“ rostellum,” i.e., “ prolongation of the apex of the scolex ” 
which does not, however, appear capable of any great 
elongation. The dimensions of the scolex are given in the 
preceding Tables II and III. Its shape in the living con- 
dition is rather subquadrate (Fig. 19) but globular or pear- 
shaped when fixed. It is broadest in the region of the 
suckers ; the measurements of its breadth noted in the above 
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tables are between external sides of the suckers. The 
j’ostellum is muscular and carries at its top a curious ‘ apical 
organ” bearing a beautiful crown of large hooks on its 
circular outer margin. Tlic hooks (Fig. 26) number 21 
(17 — 22) and are arranged in a single row with their free 
ends directed towards the centre of the organ (when con- 
tracted), or pointing a little outwards (when rostellum is ex- 
tended). Each hook has a bifid base (Fig. 20) and the two 
arms are of unequal thickness. The thicker arm is elongat- 
ed along the principal axis of the hook, l)ut the thinner 
one makes nearly a right angle with the main axis; their 
sizes are mentioned in Table IV. 


Table IV. 

Size of rostellar hooks in terms of /a. 



Part in front of 

! Thicker arm 

Thinner arm 


basal bifurcation. 

of base. 

of base. 

Length ... 

35-40 

18—20 

13-16 

Breadth... 

8-10 

5-6 

3—4 


The apical organ has a closed central cavity which is 
bowl or cup-shaped in the expanded condition (Fig. 27), 
but very narrow when contracted as seen in vertical sections 
of the scolex (Fig. 28). It does not seem to be capable of 
eversion, but it probably serves a boring function (for 
which it is admirably adapted) as also suggested by Wood- 
land (1925 a) in Proteocephalus beddardi. 

The four suckers are small, 80 — 100 /“ in diameter, and 
thin- walled. Their rounded or oval openings face antero- 

laterally and are fringed with numerous minute curved 
19 
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spinelets about 2/* long. They are perceptible with diffi- 
culty in living specimens under gentle pressure, but are 
distinctly seen in sections under the high power of an or- 
dinary Leitz microscope. The scolex, neck and strobila 
are all covered with cuticular spines or spinelets. The 
spinelets on the neck are finer and more dense, but those on 
the middle and hinder segments are thicker and less dense. 

A distinct unsegmented neck is present. It is much 
longer and naturally thinner in living than in preserved 
specimens as can be judged from its measurements given 
in Tables II and III. The neck is broad at the base of 
the scolex and tapers to its narrowest part somewhat behind 
the middle of its length. It again broadens gradually and 
merges imperceptibly into the segmented region. A few 
of the anterior segments are hardly any broader than the 
neck in front. At a distance of nearly 6 mm. from the scolex 
the immature proglottids are approximately square in out- 
line. They then become increasingly longer than broad, 
attaining about the middle of the body a length equal to 
two times the breadth. The posterior half-a-dozen joints 
are nearly two-and-a-half to three times as long as broad. 
On separation from the chain the segments increase further 
in length and are often five to six times as long as broad. 
The gravid proglottids are comparatively the widest near 
the middle, but appear to shrink in size owing to consider- 
able lateral development of the uterine diverticula and loss 
of muscular tissues. All but gravid segments are nearly 
uniform in breadth with abruptly wide extremities. On 
account of ready separation of proglottids from one another 
under pressure the genital apertures could not be observed 
in a number of continuous joints. In small flattened portions 
of the strobila mounted on slides they alternate regularly 
and are situated on the proglottis margin, a short distance 
behind the middle transverse line. The vaginal opening 
lies posterior to that of the cirrus sac. 
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Internal Anatomt. 

The cuticle is thick all over the body. It is nearly 
twice as thick on the middle of the strobila as it is on the 
neck (2’5 in cross section). The spines on maturing and 
ripening segments are stouter though less numerous than 
those on the scolex and neck. Their roots are deeply 
embedded, appearing in transverse sections as thick stria- 
tions crossing the cuticle (Pig. 29). The circular muscula- 
ture is very weak ; in fact, it cannot be made out even in 
good sections. The longitudinal muscles are pretty well 
developed. In the neck (Fig. 25) and anterior segments 
they occur as scattered bundles much more numerous to- 
wards the periphery than the centre, there being no 
distinction between cortex and medulla. In maturing 
proglottids the outer layer of longitudinal muscles is very 
well developed and fills up the entire subcuticular area, but 
the internal layer consists of a slender band of scattered 
fibres widely separated from one another ; so that the corti- 
cal region is but faintly marked off from the medullary. 
The meshes of the parenchyma are very wide and many 
ripe and fully mature segments, on being pressed between 
two slides, split up longitudinally into dorsal and ventral 
halves generally along tlie poral margin. This also indicates 
that the circular muscles are extremely poorly developed and 
that the parenchyma is very weak. 

Four longitudinal excretory vessels occur in each 
proglottid on the internal side of the layer of inner longitu- 
dinal muscles but in transverse sections of maturing segments, 
in addition to these, are seen other longitudinal branches of 
equally wide calibre traversing the subcuticular as well as 
medullary regions. The ventral pair are wider than the 
dorsal. 

The testes number 100 to 120 in maturing segments 
(Pig. 21) and 125 to 160 in ripening ones (Pig. 23). They 
are grouped in two clear fields running longitudinally anterior 
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to the ovary, midway between the proglottis centre and the 
lateral margin. In each field they are disposed in two rows, 
irregularly alternating with one another. In toto mounts of 
mature segments the OYal ones measure 80—100 microns in 
length and 50 — 60 microns in breadth, and the circular ones 
have a mean diameter of about 75 microns. Their dimen- 
sions in ripe joints, similarly mounted, are larger 
(120—140 /^X 75— 100 /^). 

The cirrus sac in perm.anent preparations appears as 
a thin- walled, flask-shaped (Fig. 22) or fusiform (Fig. 23) 
structure measuring in the former case 225 X 100/^ and in 
the latter 260/* X 65/*. It contains inside it a feebly coiled 
cirrus which in no segment was seen everted. The cirrus 
sac passes between the dorsal and ventral excretory vessels 
and opens into the genital atrium ; medially it extends to 
the testicular field but does not cross it. The vas deferens, 
on leaving the cirrus sac, is thrown into numerous close 
coils occupying the proglottis centre. Some of the coils are 
slightly wider than the rest and probably function as a 
seminal vesicle. 

The ovary is bilobed and posterior. Each mass arises 
from a common transverse stalk and is either pear-shaped 
(maturing segment) or elongated (fully mature and ripening- 
segments) with follicles arranged in lateral lobes. Immedi- 
ately behind the transverse portion, “the isthmus, ” lies 
the globular egg-swallower or egg-ejector having a diameter 
of about 60/* (Fig. 31). Its walls are provided with large- 
nucleated circular muscle fibres and it is clearly visible in 
pressed specimens of ripe proglottids (Pig. 22). Posteriorly 
the egg-ejector opens into a muscular oviduct of uniform 
thickness (external diameter 16/*), which describes on one 
side of the median line a distorted figure of 8 or an out- 
wardly directed U before it is joined by the still narrower 
vaginal duct (12/* thick). The oviduct then takes a back- 
ward course, turns inwards, and ascends anteriorly parallel 
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to its descending part. It then enters the shell gland which 
lies medially between the egg-swallower and the posterior 
curve of the oviduct. In some preparations the oviduct is 
irregularly coiled. 

The vagina (Fig. 22) opens into the genital atrium 
just behind the opening of the cirrus sac and continues, 
along the posterior margin of the sac, as a narrow tube 
of diameter 1.5 running obliquely inwards until it reaches 
the centre of the segment. It then turns backwards and 
continues towards the shell gland to join the oviduct after 
crossing the ovarian isthmus on its dorsal side. A short 
length of the vagina (275 m) in front of the isthmus is 
slightly dilated to form the indistinct roceptaculum semi- 
nis. 

The vitellaria are fully developed only in a few of the 
terminal segments completing maturation and in detached 
ripe ones, but they can be detected from about the middle 
of the strobila as faint streaks. Even at the height of their 
growth they are but narrow bands occupying a very short 
length along the lateral margins of the proglottid and 
extend from in front of the ovary to a short distance 
behind the genital pore. The aporal half is usually a 
little longer than the poral one (Pigs. 22, 23). I^arrow ducts 
arise from the vitellaria near their hinder extremities 
and run oSiliquely inwards and backwards to unite into 
the common vitelline duct in the vicinity of the ovarian 
l)ridge. The common duct crosses the egg-ejector on the 
side opposite to that on which the vagina passes and enters 
the ootype from its posterior side along with the oviduct. 
The interrelations of the female ducts in the vicinity of the 
shell gland are shown in Pig. 31, which is a photomicro- 
graph taken from a permanent preparation of a well-flattened 
ripe segment. On account of the peculiar nature of its 
vitelline glands this species stands out unique among the 
MulUvitellata (Southwell 1925), for I know of no other 
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cestode provided with paired lateral vitellaria confined to 
such a short portion of the posterior third of the proglottid 
length. 

In the development of the uterus and the contained 
eggs also the species presents features of great interest. 
The uterus appears as a narrow median pillar in some of 
the posterior segments only and extends from the region of 
the ovary towards the anterior margin. It does not show 
any indication of lateral branching or of eggs even in the 
last segment of the strobila. A.s already mentioned, the 
ripening of the proglottids commences after their separation 
from the chain. Tlie first change noticed in the uterus is 
its dilation towards the extremities owing to collection of 
eggs in it (Fig. 22). As more eggs are poured into it from 
the mature ovary it soon becomes full of them and begins 
to send out many lobed branches on each side of it. These 
lateral offshoots are at first short (Fig. 23) but gradually 
' extend towards the periphery and ultimately, as the seg- 
ment becomes gravid, they fill the whole of the interior with 
tlie progressive atrophy of other internal organs and tissues. 
In a gravid segment therefore is seen nothing but the uterus 
with its 30 — 40 wide lateral diverticula full of eggs and the 
vagina and cirrus sac which still persist (Fig. 24). 

In ripe proglottids the uterus extends posteriorly to 
the ovarian bridge, sometimes overlapping it from the ventral 
side. It receives from the ootype a wavy uterine duct 
which opens into it dor sally about the level of the middle 
length of the vitellaria. This narrow portion of the uterus 
seems to be a part of the original pillar — seen in maturing 
segments— which has remained unmodified ; the posterior 
prolongation of the uterus behind its opening is in the nature 
of a median diverticula. No uterine pores are present and 
the eggs or embryos pass out of it by a median rupture of 
the ventral wall of the proglottis which, by the time the 
segment becomes gravid, loses a good deal of its musculature. 
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The eggs are provided with three concentric mem- 
branes (Fig. 30), the outer two of which form loose coats 
round the embryo and respectively measure 35 and 22 
in diameter ; the innermost surrounds the embryo closely 
and has an approximate diameter of 13/“. It is highly 
interesting to note that some of the eggs develop into em- 
bryos with Avell-marked necks and large vesicular bladders 
(150 — 160 in diameter) while still inside the proglottid and 
the original host. A number of these “ bladder worms” or 
cysticerci” with a distinct head, a neck and a bladder 
are met with in advanced gravid segments collected from the 
the rectum of the fish (Fig. 30). If this is a normal occur- 
rence, the cestode assumes great importance as a probable 
single host parasite — a phenomenon which is very rare in the 
cestoda. But the presence of few individuals only, in each 
host, is strongly against the idea of auto-infection. Probably 
it is a case of regular precocious development ; even then 
it has an important significance showing that at some future 
date the second host may be done away with if not already 
so. x\.nyhow it will be highly interesting to know the sub- 
sequent history of these embryos. I tried to keep some of the 
undeveloped eggs and the embryos living under laboratory 
conditions witlia view to study their development, if possible, 
but my first attempts proved unsuccessful as I could not 
maintain them alive for a sufficient length of time. 1 
intend to revert to this fascinating problem later and to try 
to investigate the life history of this remarkable cestode. 

Systematic Position and Diag-nosTic Chaeagtees. 

While engaged in the study of this interesting 
worm last summer I was confronted with a similar 
difficulty as beset Woodland (1924) in relegating his 
Wallago cestode to its systematic position and Meggitt (1927) 
in identifying some cestodes from Burmese snakes. I was 
placed in the predicament of having to classify a specimen, 
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as described above, distinctly Ichthyotaemid but which 
could not be placed in any of the genera of the family as 
they then stood. In possessing an armed rostellum my typo 
displayed a character of the genus Gangesia Woodland, 
1924. But the two-field distribution of its testes prevented 
its inclusion in that genus as defined by Woodland (1924, 
1925 a). This feature — testes in two lateral fields— •char- 
acterises the genus OpMotaenia La Rue, 191 1 (■= Crepidoho- 
Monticelli, 1889) but it excludes forms possessing a 
rostellum armed with hooks. Only two other piscine species 
of the family Ichthyotaemidae are knoAvn to me which have 
the testes arranged in the same manner as the species under 
discussion, namely, Proteocephalus longicolUs Zeder (La 
Rue 1911) from the salmon, and “Taenia” malopteruri 
Pritsch, 1886 {—Proteocephalus malopteruri (Woodland, 
1925 b)] from the Sudanese electric eel. The first of these 
does not possess an armed rostellum but the second does. 
The only way out of the difficulty was to either extend the 
scope of the genus Proteocephalus {Ichthyotaenia) so as to 
include forms with armed rostellum and testes in two fields 
as suggested by Woodland (1924), or, retaining the existing 
genera, to so emend the Woodlandian genus Gangesia as to 
cover cestodes like the present species and P. malopteruri. 
The former course if adopted would have made the genus a 
very heterogeneous group and hence was considered undesir- 
able. Before I had made up my mind as to which of the 
two courses to adopt, I received a copy of a paper by 
Meggitt(1927) which solved my difficulty, as he has suggested 
therein a modification of the definition of the genus Gangesia 
along the lines desired by me. In fact the author has I'ecast 
the classification of the entire family Ichthyotaeniidae in a 
manner which appeals to me very much. I therefore adopt 
the definition of the genus as given by him, but propose the 
addition to it of the words “ the suckers, scolex, neck and 
strobila may or may not bear spinelets ” because my 
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species unmistakably has the spinelets on all these 
regions. The amended definition of the Gangesia 

should thus read as : with the character of the family 
Ichthyotaeniidae (Meggitt 1927): with a scolex with 
rostellum armed with a circle of spines or hooks. The 
suckers, scolex, neck and strobila may or may not bear 
spinelets. Testes in one or two lateral fields. Vagina 
anterior or posterior to ciri’us sac. Adults in fish. 

The new species is therefore the fifth of the genus 
Gangesia as above defined, and differs from the four species 
included in it' by Meggitt (1927), among other characters, 
by the restriction of its lateral vitellaria to a short portion 
of the proglottis length between the ovary and the transverse 
line passing through the genital pore; by its rostellum 
bearing an apical organ armed with large hooks having 
a bifid root ; by the size of its eggs and by their often 
developing into the bladder worm stage while still inside 
the gravid proglottid, within the body of the original host. 

The species G-. psetidofropn may be distinguished as 
follows: length of strobila 20— 40 mm. with a maximum 
breadth of 1 mm. Proglottids number 30 — 40 in mature 
worms ; very narrow antero-posteriorly in front, square near 
the middle of the strobila and much elongated posteriorly. 
Mature segments separate from the chain before ripening, 
but remain in the rectum of the host until they become 
gravid and develop, in some of them at least, a bladder- 
worm stage from the contained eggs. Scolex about 192 
microns long and 240 microns broad. Suckers small 80 — 100 
microns broad, with projecting edges bearing close-set 
spinelets. Rostellum with an apical organ armed with 17 — 22 
prominent hooks of length 53 — 60 microns. Neck and stro- 
bila both covered with minute spines or spinelets. Grenital 
apertures marginal, behind the middle transverse line of the 
proglottid ; vaginal opening always posterior to that of the 
cirrus sac. Testes 100 — 120 in mature; 125 — 160 in detached 
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ripe segments, arranged in two longitudinal fields anterior 
to the ovary. Vas deferens closely coiled in well-developed 
joints. Ovary bilobed, posterior ; egg-ejeetor distinct in ripe 
segments, diameter 60 microns. Yitellaria lateral, short, 
between ovary and transverse line of genital pore ; aporal 
half slightly longer than poral. Uterine, vaginal and vitel- 
line ducts all dorsal to the ovarian isthmus. Uterus narrow, 
tubular, devoid of , eggs even in the last segment of the 
strobiia : in ripe proglottids with 30—40 lateral diverticula 
full of eggs. Eggs with three membranes ; outermost 35 
microns in diameter, innermost 13 microns in diameter 
closely investing the embryo. Some of the embryos develop 
a bladder (diameter 150— -160 and a neck while still 

inside the gravid segment in the rectum of the host. Habitat, 
duodenum and small intestine of Pseudotropius garua Day 
(a small siluroid fish) found in the rivers of the United 
Provinces, India. 

2. Gangesia bengaUnsis. Southwell, 1913. 

Southwell described a species of cestode, OjgJiryocotyle 
bengahnm^ which he found in the intestines of Ophiocephalus 
striatus, Labeo rohita (1913 a) and Wallago attu (1913 b) 
flora Bengal. His description is meagre and confined mainly 
to external features. Later, Woodland (1924) gave a fuller 
account of some cestodes, named Gangesia tmllago, obtained 
by him from the intestines of Wallago attu at Allahahacl. 
These were regarded identical with Southwell’s Ofhryocotyle 
(Woodland 1924, 1925 a). 

One of the D.Sc. Research Scholars of the Department, 
Mr. Dharam IsTarain, was engaged in working out the 
Wallago cestodes in 1924. But he had not completed his 
work when Woodland’s paper (1924) appeared in print and 
he, naturally, gave up the idea of pushing this work further. 
He, howovcr, retained some of his preparations and ims 
now kindly passed them on to me. I am obliged to him 
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for this. On comparing these preparations and those I had 
made, from time to time, of specimens obtained from the 
same fish, with a new species which I have above described 
as Gangesia pseuclotroini, I noticed that the specimens from 
Wallago attu were not all alike. This led me to make fresh 
collections and to study these forms in detail. As a result 
of this I find that there do occur in Wallago attu two dis- 
tinct but closely related species differing from one anotlier 
by well-marked features as indicated hereafter. 

Woodland published his account after leaving India 
and had only preserved material with him. Hence it is 
not surprising that he failed to detect the difference between 
the two forms which have got mixed up in his description. 
It is, however, to be noted that at one time he also thought 
that there were two kinds of costodes in this host as appears 
from the sentence “ The larger of these cestodes differ 
greatly in length, thickness and form but I believe these 
differences are only due to local or general contraction, 
though at the time of collecting them they appeared to be 
separable into distinct kinds.” From the account given 
by this author of his Gangesia wallago" it is not easy to 
judge as to which of the two forms his description more 
agrees with. One of these, the smaller of the two, has a 
rostellum (Figs. 34 and 41) armed with about 51 large 
spines (average length 40 microns) arranged in two circular 
rows, and each mature segment (Fig. 36) contains about 200 
testes : the total number of joints on the strobila is 200 or 
more. The other species is characterised by a rostellum with 
about 31 small spines (average length 22 microns) lying 
on a single circular row (Fig. 43). Each mature segment 
(Fig. 40) contains only about 100 testes, and although 
the number of proglottids in a complete worm is nearly 125 
only the total length of the strobila far exceeds that of the 
other worm, owing to the larger; dimensions of its joints, 
quite a number of which are longer than broad. For the 
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sake of comparison, in addition to camera lucida dra’wings, 
are furnished plmtomicrographs of mounted scoHces and 
mature segments of both the forms side by side (Figs. 41, 43 
and 42, 44). On referring to Southwell’s papers (1913 a, b) 
it appears tiiat the oestodes described by him all possessed 
two rows of hooks on the rostellum, the number of which 
as well as the size of the worms generally tallies more with 
that of the first of the two kinds distinguisheda hove. 
Therefore I regard that as Gangesui bengalensis and rede- 
scribe it as such. The other, larger forjn, is designated 
Ganges'm agrmnsis in virtue of my having collected speci- 
mens of it from fishes obtained from various parts of the 
province of Agra and described, for the first time, as a new 
species, in this paper. 

Most of the larger fishes dissected by me wmre infected 
with a varying number of these parasites. In one big fish 
examined lately I obtained ten specimens of G, bengalensis 
but only three of G, agraensis ; whereas, in July, 1926, I 
found two large examples of the latter species only from a 
huge Wallago caught from one of the tanks at Mainpuri 
(Agra Division). A living worm, when removed from the 
intestine of the host, is much coiled and difficult to measure, 
but on being left undisturbed in salt solution for some time, 
it straightens out and gets fairly expanded. Measured in 
this condition the worms indicated the following dimensions 
in mm. : — 


Length 

of 

strobila 

'.■'"O'',''..' ' 4 ':' ■! 

Greatest breadth 

Length 

Length 

Breadth of 

Diameter 

of strobila 

of neck 

of soolex 

soolex 

of sucker 

30-50 

0-6— 0-8 

1‘5— 2-5 

1 

0-344- 
0'43 , 

j 

0-387— 

0-473 

0-1- -r26 


The average length given by Southwell (7'5) appears 
to be either of highly contracted individuals or of 
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incomplete worms, but the two long specimens obtained by 
him (of length 22 and 27) approach in size the living cestodes 
obtained by me. Some of my specimens mounted entire 
(deposited as type slide No. in the Calcutta Museum) 

measure as follows : — 



Strobila 

Scolex 1 

Rostellum 

Sucker 

Neck 

Ante rior j 
segments j 

B a r 1 y 
maturing 
segments 

P 0 s terior 
m a t u re 
segments 

Length 

60-0 

\ 

CO 

o o 

0 23- 
0-25 

1 0*215 
(diame- 
ter) 

3'0-4*6 

0'03~0‘04 

0-216 

1*2 -1*4 

Breadth 

1-5 

(maxi- 

mum) 

0-64- 

0’86 

0*25- 

0*32 


0*76 

(mini- 

mum) 

0*8 - 0*86 

1*0 

1*3- 1*6 


The scolex (Fig. 34) with its four suckers and the 
rostellum is of the nature described by Woodland (1924), but 
the rostellar hooks are distinctly grouped in two circular 
rows (Figs. 35, 41), and the measurements given by him of 
these parts apply to both species taken together. The 
hooks of Q-. hengalensis are large, 37—44 microns long and 
have an irregular base with two rounded knobs, in different 
planes, one of which is oftener more prominent than the other 
(Fig. 41). They are all of one kind and shaped as shown 
in Fig. 33. The spinelets on the suckers are close-set, 
short, stoutish structures, easily visible under the high power 
of an ordinary microscope, and are arranged in six or more 
rows. They occur on half to two-third the margin of the 
sucker as observed by Woodland, but are seen in all of my 
preparations. 

The neck (as an unsegmented portion of the strobila) 
is of the length noted in the above tables (Figs. 32 and 
37). Southwell mentions it as 2’5 long, but Woodland 
considered the neck in contracted specimens “ apparently 
absent ” and very short even when extended. I presume 
the latter author had the other species {G-. agraensis) under 
observation when describing the neck, or he was misled by 
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the wrinkled margin of the worms in correctly determining 
its extent. 

A number of anterior segments are exceedingly narrow 
and the transverse wrinkling of the lateral margins makes it 
all the more difficult to determine the true strobilisation at this 
end. The first distinguishable joints are 15 to 20 times 
broader than long. The middle segments are nearly half as 
long as broad, but the posterior mature proglottids have a 
length nearly equal to the breadth ; only in some well-extended 
worms the segments are a little longer than broad. The total 
number of joints in a mature worm exceeds 200, the anterior 
100 or 125 of which are extremely narrow and crowded 
together. It is only in segments following these that the repro- 
ductive organs begin to be clearly seen. The testes mature 
earlier than the ovary which attains its full grown forin in 
the last 35 to 50 proglottids. Few or, in some cases, no ripe 
segments are met with on the strobila and the uterus 
when branched has 10 — 15 diverticula. No uterine pores are 
visible : the segments appear to ripen fully after detachment 
from the parent body and probably after passing out of the 
intestine of the host. The sexual openings are irregularly 
alternate and marginal ; in no case do I find them ‘almost all 
on one side’ as observed by Southwell (1913 a). They lie 
on the middle transverse line of the proglottis or a little 
anterior to it, varying in position according to the con- 
dition of contraction of the part. 

The arrangement of the genitalia and their form can 
be seen from the Figures (36 and •1-2) provided. The two 
lobes of the ovary are transversely elongated and conne(ded 
by a narrow median isthmus. The widest part of the ovai-y, 
antero-posteriorly, even at the height of its development 
hardly exceeds a quarter of a mm. in length. The uterine 
diverticula, as described by Woodland, occur in the 
other species, G. agraenm. The vagina is feebly dilated 
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near the opening and does not show any other dilation. 
Its transverse part varies in position with regard to that 
of the cirrus sac in different segments. Sometimes it is 
anterior and sometimes posterior to the cirrus sac, and so 
is the case with the relative openings of the two. The 
testes lie in one continuous field as stated by Woodland, 
but their number, in each segment, is 200 or more ; the 
largest of them, in well-flattened mounts, never exceeds 
in length 70 microns. The cirrus sac is a narrow 
elongated structure which in the uneverted and uncontracted 
state extends to about one-third the distance across the 
proglottis. The cirrus lies coiled inside it and has a wider 
extremity. The figure of the mature segment given by 
Woodland agrees with that of the new species, but the 
sketches of the scolex and its parts are of preparations from 
this species. 

The excretory canals are double on each side, a ventral 
and a dorsal, situated close to the lateral border of the 
testicular field ; they are nearly of the same calibre. 

The species G. bengalensis should therefore be dis- 
tinguished as such : — Length of strobila 80 —50 with a 
maximum breadth of 0'8. Proglottids 200 or more, very 
narrow antero-posteriorly in front, nearly square or some- 
what longish posteriorly. Lateral margin of body often 
much Avrinkled. Scolex average size 0’387 long and 0'43 
broad. Suckers with small openings and projecting edges 
OT — 0125 in diameter, several rows of close-set spines along 
i to frds the margin. Rostellum Avith about 51 spines 
arranged in two circular rows alternating with one another ; 
all of one kind, 37 — 43 microns long. Neck laterally wrinkl- 
ed, nearly 2‘0 long. Testes 200 or over, rounded in outline ; 
average size in pressed mounts 50 microns in diameter. 
Strobila without or with few ripe segments, uterus unbranched 
or with 10 — 15 diverticula in the posterior proglottids. 
Clenital openings on the mid-transyerse margin of the 
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proglottis or slightly anterior to it; the cirrus sac and vaginal 
openings vary as to which is anterior. Cirrus sac extends 
medially about ird across the segment. Habitat : intestine 
of Wailago attu Bleek., Ophiocephalus striatus and Labeo 
rohita, rivers and lakes of India. 

3. Gmgesia agraensis Nov. Spec. 

This species occurs mixed up with 6^. bengal&nsis as 
already mentioned when describing it. Some of the features 
distinguishing these two species (from a comoion host) have 
also been noted in the same connection and others are 
enumerated later. This form does not appear to be so common 
as the other but I have often come across fishes infected 
by it alone. More commonly, particularly at Allahabad, 
the two species are found to exist together in the same 
individual, occupying any region of the alimentary tract 
from duodenum to commencement of large intestine, and 
occasionally in the stomach. 

The worms when full grown are much longer than G. 
bengalensis. One of my complete specimens in salt solution 
measured more than 100 inm. in length and another about 
80 mm. The average dimensions in life, taken as a mean 
of four individuals, are as follows : — 


Length of 
strobila 

Greatest 

breadth 

Length of 
scolex 

Breadth of 
scolex 

Diameter 
of sucker 

Length ,of„ ; 
neck":;,. 

100 

: 1-4 

0-3 

0-36 

0125 

1-5 


From the above table it is clear that although this 
cestode is longer and thicker than the other it bears 
a comparatively smaller scolex and shorter neck. A 
specimen, mounted entire after flattening, (deposited as 
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type slide No. in the Calcutta Museum) shows the 
following dimensions : — 


Part I. 

Head and Neck. 



Scolex 

(oontraoted 

partly) 

Rostellum 

Sucker 

Rostellar 

hooks 

Strobila 

Neck 

Length 

0'41 

0194 

0 19 

20—25/^ 

210 

3-0 

Breadth 

0-60 

0'258 

017 


2-6 

0-68 


Part II. 

Segments of the Strobila. 



Anterior i 
ones. 

Early 
maturing, 
20 mm. 
behind 
scolex. 

Mature, 45 
mm. behind 
scolex. 

J ust ripen- 
ing, 60 mm. 
behind 
scolex. 

Ripe, 100 
mm. from 
scolex. 

Length 

0-064 

0-13 

1-65 

1*72 

2-60 

Breadth 

1-250 

1-58 

1-60 

1-62 

1-72 


The head or scolex displays the characteristic structure 
of the genus in that it possesses a muscular rostellum armed 
with a fringe of hooks. They (the hooks) are all alike 
(Fig. 39) and arranged in a single row along the circular 
margin of the rostellum (Fig. 43). In perfect scolices they 
number 31 but get easily dropped in removing the worm from 
its host, or are of a deciduous nature ; for, in many of the 
mounted specimens, there are gaps in the circle and the 
number of hooks varies according to these gaps. Their shape 
is indicated in Figs. 39 and 43, and their total length 
varies from 24 to 26 microns. The suckers are nearly 
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circular in outline ■with large openings and bear only one 
(at places occasionally two) row of minute spines visible under 
the high power of an ordinary microscope. 

The neck, partly owdng to its greater breadth and partly 
due to the smaller size of the scolex, is not so well marked 
as in the other sister species. In the contracted condition it 
is about as thick as the head and hardly one mm. long, but 
when expanded (Edg. 38) it is distinctly narrower than the 
head and twice as long as it is when contracted. It continues 
imperceptibly into the anterior proglottids which are at 
first twenty times broader than long, but become comparatively 
longer much sooner than in G. bengalensis. At a distance of 
one-fourth the body length from the anterior end their 
length equals the breadth and they commence to ripen (i.e., the 
uterus begins to branch and to show eggs inside it). About 
the middle of the strobila the segments IFig. 45) are fully 
ripe, with well-developed uterine diverticula and are, when 
expanded, nearly one-and-a-half times as long as broad. The 
following proglottids are still longer than broad and begin to 
turn gravid. The total number of segments on the strobila 
is approximately 125 or more, but never exceeds 150. The 
mounted specimen whose dimensions are given above has 
about 120 easily countable joints, 75 of wdiich possess uteri 
with diverticula (from just ripening to gravid). The genital 
apertures alternate irregularly and lie on the proglottis 
margin clearly cephalad to the middle transverse line. 

The reproductive organs have the same general disposi- 
tion as in the other species from the same host, !)ut they 
mature and ripen more quickly in tins form as is evident from 
the very large number of ripe segments on the body. In 
fact, more than half the strobila in this cestode is made up of 
segments varying from ripening to gravid. The bilobed 
ovary when fully formed (Fig. 40) is fairly big. Each lobe 
is one-fourth to one-third as long (antero-posteriorly) as the 
containing proglottid and is connected with the other by an 
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isthmus near the middle of its length or further caudad. The 
uterus, in ripe segments (Fig. 45), is copiously branched and 
extends to the posterior limit of the segment ventral to the 
ovary. The number of uterine diverticula varies between 
20 to 30, and 3 to 5 uterine pores are clearly visible in some 
of the stained preparations (Fig. 47) of ripe and gravid joints 
as wmll as in transverse sections of the same (Fig. 46). Most 
of the embi'yos probably escape into the intestine of the host 
before the isolation of the segments from the strobila as a 
number of posterior proglottids contain very few or practically 
none of them. The vagina is like that of G. beiif/aleusis and 
its position, relative to that of the cirrus sac, as well as that 
of their openings is also similarly variable. The testes lie in 
one continuous field several layers deep and number about 
100 or more. They are generally circular in outline or are 
transversely elongated (may be due to pressure). The largest 
of the rounded ones in pressed specimens of ripe segments 
lias a diameter of 107'5 microns and the smallest of 64'5 
microns. The vitellaria occupy the usual marginal posi- 
tion as broad bands extending from one end of the proglottis 
to the other, appearing very nearly continuous from segment 
to segment. Both testes and vitellaria are medullary in posi- 
tion (Fig. 46). The cirrus sac is not quite so narrow as that 
of the other species G. bengalensis and rarely extends to one- 
third the distance across the proglottid. It contains inside 
it a coiled cirrus which when fully everted (Fig. 48), under 
pressure, is nearly a millimetre or more long. On leaving 
the cirrus sac the vas deferens, in mature and ripe joints, 
widens and gets convoluted along its inward course. It 
terminates imperceptibly in the centre of the segment. The 
eggs contained in the uterus possess tliree envelopes the 
outermost is very thin and measures 66 microns in eggs liber- 
ated in salt solution. The dimensions given by Woodland 
(1924) in connection with G. bengalensis, of eggs from the 
intestine of the fish do probably apply to this cestode. 
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The excretory longitudinal vessels, as seen in stained 
preparations and in living worms under pressure, are two 
on each side. They are situated at a distance of about one- 
fifth the breadth of the segment from the lateral margin. 
The ventral vessel is the wider of the two (Pig. 46) and 
gives a pretty wide transverse branch close to the hinder 
border of each proglottid. 

From the foregoing account it is manifest that, in addi- 
tion to the characteristics already pointed out when rede- 
scribing G.bengalensis, this species further differs from it 
(i) in possessing only one or at places two rows of spinelets on 
the suckers instead of several rows ; (ii) by carrying a large 
number of ripe and gravid segments on its strobila with 
20 to 30 uterine diverticula and 3 to 5 uterine pores ; and 
(iii) by the much larger average size of its testes. 

Diagnosis of the new species G. agrae7isis.-— Length of 
strobila 100 or more, maximum breadth r4. Proglottids 
number 125 — 150, very narrow in front; square about Jth 
the length of the strobila from the scolex ; progressively 
longer than broad subsequently ; nearly half of them are 
ripe to gravid. Scolex on an average 0‘3 long and 0'36 
broad. Suckers nearly circular, with wide openings, diame- 
ter O’ 125 ; fringed usually with a single row of spinelets. 
Rostellum with a single circle of about 31 booklets or hooks 
of one kind, about 22 microns in total length. Neck short. 
Ovaries bilobed, antero-posteriorly elongated. Uterine 
diverticula 20 — 30, overlapping the ovary ; uterine pores 3 — 5. 
Testes about 100, diameter 64‘5— 107’5 microns. Genital 
openings well in advance of the middle transverse margin, 
irregularly alternating ; cirrus sac and vaginal apertures 
vary as to which is anterior. Girrus sac hardly extends 
medially to ird across the segment ; cirrus when everted 
very long and narrow, without spines. Habitat : intestine 
of Wallago attu Bleek., rivers and lakes of U. P., 
India. 
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New Key to Species oe the Genus Gangesia 

L Rosfceilar hooks indefiEite (numerous), less 
thanlO/Aiong ... ... 2. 

Rostellar hooks definite (below 60), more 
than 10 /A long ... ... 3. 

2. Uterine diverticula 6—8, testes in one field G. osculaia 

(Goeze, 1782) 

Uterine diverticula about 24, testes in two 

or one (?) field ... ... G. malopieruri 

(Pritsoh, 1886) 
(Woodland, 1925) 

3. Testes in two lateral fields ; vitellaria short, 

between ovary and genital pore ... G. pseudotropii 

(Nov. Sp.) 

Testes in one field ; vitellaria long, through- 
out proglottid length ... 4. 

4. Rostellar hooks not uniform, of two sizes 

both less than 18 p long ... G. macrones 

(Woodland, 1924) 

Rostellar hooks uniform, of one size, more 
than 18 /A long ... ... 5. 

5. Rostellar hooks about 22 long, in one row, 

about 30 in number ; testes nearly 

100 or more ... ... G. agraensis 

(Nov. Sp.) 

Rostellar hooks about 40 long, in two 
rows, about 50 in number ; testes 
nearly 200 or more ... ... (?, hengalensis 

(Southwell, 1913) 
(Verma, 1927) 

♦ I regret I cannot insert my species in the key drawn up by 

Meggitt (1927) because (i) he does not appear to have taken notice of certain 

features in the anatomy of malopieruri described by Woodland (1925 b) ; (ii) 
the new species described here show great variation in the number of uterine 
diverticula, and (iii) the characteristics of 0. have been revised. 
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MONOZOA 

Family AMPHILINIDAE 
Amphilina paragonopora . 'Woodland, 1923. 

Following are records of this species not hitherto 
published : 

(I) A New Host . — Woodland (1923) described the 
species from the siluroid fishes, Macrones seenghala and 
Wallago attu. During the years 1926 and 1927 I had the 
opportunity of dissecting a number of another fish of the 
same family as those above-mentioned, namely, Bagarius 
yarrellii Sykes ( == Pimelodus bagarius Ham. Buch.) which 
was found infected with this parasite as follows ;— 


Date. 

Number of fishes 
examined. 

Number of parasites 

1 obtained. 

5th Sepr., 1926 ... 

1 

Nil 

28LhSepr.,1926... 

3 

First: Nil 

Second : 1, orange colouredj 

I 12 inches long. 

Third : 2, large as above. 

15th Aug., 1927 ... 

; .'1 ■ 

Nil 

20th Sepr., 1927 ... 


One in each. 


All the above parasites were found in the body cavity 
of the host generally towards the anterior part of it, as 
noted by Woodland. 

(II) A New Region . — As mentioned above all the 
specimens of A. paragonopora obtained by Woodland as well 
as by me in the new host were found to lie freely, or wound 
round the alimentary canal, in the body cavity. In one 
specimen of Macrones seenghala dissected in the M.Sc. 
Glass, by one of our students on the 25th of August 1925, a 
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complete living example of this species was noticed inside the 
ovai-y of the fish. The ovary was carefully examined 
and found intact on all sides, therefore it cannot be said 
that the worm had lately bored into it from the body cavity. 
I think it developed from a young stage inside this organ 
which it had reached somehow. The length of this 
amphilina was about 8 inches and its colour creamy yellow. 

In conclusion I wish to express my gratitude to Dr. 
D. R. Bhattacharya, D.Se. (Paris), Ph.D. (Dublin), Head of 
the Department of Zoology, for various facilities so kindly 
provided by him in connection with this paper and 
certain suggestions concerning the same. 
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Key TO IjETTERiNa USED m Fids. 1 to 48. 


aL— anterior iooaius of bothri- 
diiini. 

m, — apical organ, 
i. — bothridiiim. 

bh . — bothridial liooks. 

6/.— bladder or vesicle. 

6m. —base men t membrane. 

<?.— cirrus. 

oao,— cavity of apical organ. 
cl — circular layer of muscles, 
cs.— cirrus sac. 
cu, — cuticle. 
e.^eggs, 

66'.-— excretory canal. 

66. — egg-ejector or egg-swal- 
lower (schluckapparat). 

/6. —fertilisation canal. 
fp . — fibrous parenchyma, 
genital aperture. 

^7. — internal layer of longitudinal 
muscles. 

zp . — inner prong of bothridial 
hook. 

is , — isthmus of ovary. 

Zm/.— longitudinal muscle fibres. 
In , — longitudinal muscles of neck. 
mZ.— median loculus of bothri- 
dium. 

mj?.— muscle pad. 

n. — neck. 

0 .— ovary* 


oZ.— outer layer of longitudinal 
muscles. 

op. — outer prong of bothridial 
hook. 
oZ.— ootype. 
ov. — ovidiiot. 

opw , — oviducal wail showing 
large-nucleated iimsoies. 
pl. — posterior looulus of bothri- 
dium. 

r. -rostellum. 

— rostellar hooks. 

s, — sGolex or head. 

66.— nuclear layer of siibouticula. 
sp, — shell gland, 
sm.— sperm mass, 
sp —spines or spinelets. 
sucker. 

66.— seminal vesicle. 
s^p . — spongy parenchyma. 

Z. — testes. 

uc , — uterine canal. 

uterine diverticula. 
up, — uterine pore. 
ut. — uterus, 
z?. — vagina. 

VC . — vaginal duct or canal. 
z;(Z.— vas deferens. 
vsr, — vaginal seminal recept- 
acle, 

z;Z.— vitellaria. 
vtd, — vitelline duct. 


In this connection I wish to convey my thanks to Mr, 
Ramapat Rai, artist of the Department, for the photomicrographs 
that are included in the above figures. 
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All drawings, unless mentioned as photomicrograplis 
made with the camera iucida. 

ExplanAtioh OF Plate L 
(Figs. 1 — 5. Acanthohothrium semmvesiculum n. sp.) 

Fig. 1 — Entire specimen of A, semmvesiculum showing strobi- 
lisation and genital pores. 

Pig. 2 — Photomicrograph of longitudinal section through the 
head, bothridia and hooks. On the left one 
hook is out transversely and shows the central 
cavity. 

Fig. 3 — Flattened mature proglottid from middle of strobila. 

Fig. 4— Enlarged drawing of the female ducts in the inter-ovarial 
space. 

Fig. 5— Photomicrograph of transverse section of a posterior seg- 
ment, in front of the genital pore, indicating the 
large seminal vesicle full of sperms and the 
spongy parenchyma. 
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Explanation of Plate IL 

(Pigs. 6—9. A. semfiovesicukim. Pig. 10. Phyllohothriid 
oestode gen. n. sp, inq.) 

Pig. 6— Flattened scolex of A, semnovesieulum showing distinct 
suckerSy muscle pads and bothridial loculi. 

Pig. 7 — Magnified surface view of scolex indicating the arrange-* 
ment of bothridial hooks (inner prong longer 
than outer). 

Fig. 8— Photomicrograph of horizontal section through the 
ovary; in the centre is visible the spherical 
egg-swallower and the oviducal bulb with thick 
muscular walls having large nuclei. 

Pig. 9 — Anterior half of a posterior segment ; shows the character- 
istic seminal vesicle and the retracted spinose 
cirrus. , 

Pig, 10^ — Photomicrograph of a Phylloboihriid oestode, gen. and 
, sp. twf. , 
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Explanation oe Plate III. 

(Pigs. 11—18 ; Ichthyotaenia vitellaris n. sp.) 

Fig. 11— Anterior end of J, vitellaris^ somewhat flattened* 

12— Magnified view of the head region showing the cap-like 
apical organ, the suckers and the excretory 
canals. 

Fig. 13— Maturing segment from the middle of the strobiia ; testes 
developed hut ovary a narrow streak. 

Fig. 14— Mature flattened proglottid. 

Pig. 15— Transverse section of a ripening segment through the 
cirrus sac. 

Pig. 16 — Right half of horizontal section of a ripe proglottid 
showing the uterine diverticula and L-shaped 
vitellaria. 

Pi^v 17 — Horizontal section of body- wall through the internal layer 
of longitudinal muscles. 

Big, 18 — Highl}^ magnified view of transverse section passing 
through the body-wall. 
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Bxplanatioh of Plate IV. 

(Fip^s. Oangesia pseudotropiin, B^.) 

Pig. 19— Anterior end of an unpressed specimen of G, pseudoiropii^ 
cleared in creosote. 

Pig. 20 — Three hooks from the rostellum. 

Pig. 21 — Photomiorograph of a mature segment, feebly pressed; 

testes in two irregular rows; uterus a thin 
median tube. 

Fig 22 — Photomiorograph of a flattened proglottid, commencing 
to ripen ; shows the oharaoteristio vitellaria, the 
convoluted vas deferens (seminal vesicle) and 
the widened extremity of the uterus owing to 
reception of eggs. 

Pig. 23— Photomiorograph of an isolated ripening segment showing 
the origin of the iiterine diverticula. The 
globular egg-ejector is seen behind the isthmus 
in this as well as the previous figure. 

Fig. 24— Photomicrograph of a detached gravid proglottid showing 
uterine diverticula with some eggs and the 
rupture of the ventral body-wall 

Pig. 25— Photomicrograph of a transverse section through the 
neck to show the cuticiilar spines, scattered 
bundles of longitudinal muscles and the ex- 
cretory canals. 
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Explanation op Plate V. 

(Figs. 26—31 ; Q. pseudotropn-^oontd,). 

Pig. 26 — B^'lattened rostellum with its muscular apical organ and 
crown of hooks. 

PigS; 27-28— Longitudinal sections through the head end showing 
the structure of the apical organ and the 
suckers. 

Pig. 29— Photomicrograph of transverse section through a mature 
proglottid. 

Pig; 30— Photomicrograph of an advanced gravid proglottid to 
show the development of some eggs into the 
oysticercus stage. 

Fig. 31— Photomicrograph of a flattened mount, in the region of 
shell gland, indicating the inter-relations of the 
female duets. 
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Explanation op Plate VI. 

(Pigs. 32—37 ; Gangesia bengalensis Southwell, and 
Figs. 38—40 ; G. agraensis n. spj 

F’ig. 32 — View of anterior end of a pressed specimen of G- bengah 
ensis. 

Fig. 33 — Five spines in various positions. 

Pig. 34— Magnified view of head end showing the rostellum with 
its hooks and suckers with narrow openings 
and spines. 

F^ig. 35— Bnlarged drawing of part of rostellum showing the 
arrangement of hooks in two I'ows. 

Pig. 36— Flattened mature proglottid ; testes about 200. 

Pig. 37 — Longitudinal section through head and neck, not passing 
through the suckers. 

Fig. 38— Anterior end of a flattened specimen of G. agraensis : 
suckers with wide openings. 

E'ig. 39— Part of a pressed rostellum showing the nature and 
arrangement of its hooks. 

F'ig. 40 — Flattened mature proglottid ; testes about 100. 



176 


THE AOLLAHABAB tJHIVEESITY STUDIES 


Explanation op Plate VIL 

(Bigs. 41-42 ; G. bengalensis— Gonid. 

B'igs. 43— -48 ; (?. agraemsis-^oonid,). 

llg. 41— Photomicrograph of part of soolex of G. bmgaiensis show- 
ing arrangement of rostellar hooks. The lower 
sucker to the right shows some spines. 

Fig. 42— Photomicrograph of a mature flattened proglottid. 

Pig. 43 — Fhotoiniorograph of part of scolexof G, agraensis indioat- 
ing the number, shape and arrangement of ros- 
tellar hooks. Some of the spines on the edge of 
suckers are faintly seen. 

Pig. 44 — Photomicrograph of a mature flattened segment. 

Fig. 45 — Photomicrograph of a ripe proglottid showing uterine 
divertionla with eggs; no uterine pores are 
visible. 

Big. 46— Photomicrograph of transverse section of an advanced 
ripe segment, in the region of the ovary; the 
wide ventral excretory vessels and the uterus 
sac forming the uterine pore is clearly seen. 

Big. 47— Photomicrograph of a, gravid segment showing the five 
uterine pores ; the diverticiila have lost most of 
their eggs. 

Pig. 48 — Protruded cirrus. 
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1. INTRODUCTION. 

The present piece of work was undertaken with a view 


to elucidate certain points regarding the behaviour of Golgi 
bodies, Mitochondria, Nucleolar Extrusions and Yolk during 
the Oogenesis of the common earthworm, Pheretima posthuma, 
found in abundance throughout the year in Northern India. 
This animal has another advantage in that the developmental 
stages can easily be traced out in the same ovarian tag, parti- 
cularly in the breeding season. The ovary, however, does 
not furnish all the consecutive stages after the breeding season 
is over. Luckily, my work started just before the breeding 
season was over and I was able to collect ovaries from earth- 
worms which were quite mature. 

This work was suggested to me by Dr. D. R. Bhatta- 
charya, because, of late, the oogenesis of Lumbricus has been 
the subject of discussion in the columns of Nature. Pheretima 
being an allied type, it was thought that it might help in 
throwing some light on the points under discussion in 
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Lumbpicms. An attempt has been made in this paper to show 
that in Pheretima posthuma, the Oogenesis is simple and 
clear and that the results obtained are mostly in agreement 
with those obtained by G-atenby and Yishva Nath in Lumb- 
ricus (16) and therefore differ markedly from the observa- 
tions of Harvey (18) on the latter animal. The present-day 
cytoiogical technique is not so crude as Harvey would let 
us believe. Apart from classical methods there is a rapidly 
growing, fairly efficient, Intra Yitam technique which has 
enabled Parat (38) to revolutionise our ideas about Mito- 
chondria and Grolgi bodies. If both the classical methods 
and Intra Yitam examinations are carried out hand in 
hand by an experienced worker or by one under proper 
guidance, the Cytoiogical details in the Oogenesis of many 
animals can be worked out with a certain degree of cer- 
tainty. 

I have pleasure in expressing my grateful thanks to 
Dr. D. R. Bhattaoharya for suggesting this work to me 
and for valuable criticisms and advice during the progress 
of the work. 

2. TECHNIQUE. 

As already mentioned, the materia! used in this 'work 
was obtained from mature worms soon after they were 
captured in the fields. They were dissected alive and 
the following fixatives were used: — 1. Da Fano. 2. 
Cajal. 3. Kopsch. 4. Ludford — Nassanow — Kolatchev. 
5. Flemming without acetic acid. 6. Regaud. 7. Bouin. 
8. Carnoy. The stains used include : — 1 . Heidenhain’s 
Iron-alum Haematoxylin. 2. Gatenby’s modification of 
Acid Fuchsin, Toluidin blue and Aurantia. 3. Ehrlich’s 
Haematoxylin and Orange G. 4. Mann’s Methyl blue 
Eosin. 5. Benda’s Safranin and Light Green. 

The Golgi bodies . — The Kopsch (21) method gave 
the best results. The entire ovaries were fixed in 2^ 
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Osmic acid and kept in the dark for varying periods of time 
from 15 to 28 days. As a rule three weeks proved ideal. 
Curiously enough very satisfactory results were not obtained 
when the ovaries were first fixed in Osmo-sublimate and then 
in 2 X Gsmic acid. The Golgi elements in Pheretima 
eggs are distinctly less osmiophile and sublimate seems in 
some way to inhibit proper impregnation. The next best 
fixation was obtained by Da Fano’s Cobalt Nitrate method 
(9). I find if the quantity of Formalin is increased to more 
than 12 c. c. per 100 c. c. of water there is a general 
shrinkage of protoplasm, and the eggs become highly brittle. 
Cajal also gave satisfactory results. I have not had, 
however, much luck with Mann-Kopsch and other Golgi 
fixatives. I may mention here that I got unexpectedly good 
results by Gatenby’s latest method of examining entire 
ovaries in Physiological salt solution to which a small 
quantity of Osmic Acid has been added (16). In less than 
quarter of an hour the Golgi spherules become beautifully 
impregnated and can be examined and their progress 
watched under the microscope. Parat’s Neutral Eed (38) 
method of Intea Yitam and Post Yitam examination also 
proved very successful. 

The Mitochondria . — Undoubtedly the best fixative 
for this purpose proved to be Flemming without Acetic 
acid. Champy-Kull was the next best particularly if the 
material is kept in 3 ^ Potassium bichromate for four days 
or more. Eegaud’s method proved to be a failure. 

Nucleolus and Nucleolar Extrusions. — Bouin’s fixative 
as well as that of Carnoy was used for detecting this type 
of cell inclusions. Sections of specimens fixed in these fluids 
were stained by Ehrlich’s Haematoxylin and Mann’s Methyl 
Blue Eosin. 

Yolk and Fat . — Slides of material fixed by Osmic fixatives 
were treated for varying lengths of time in Turpentine. 
These were also stained by various combinations of stains 
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and the conclasions on the above were arrived at by a pro- 
cess of elimination. 

3. THE G-OLHI BODIES. 

In the young oogoniathe Golgi apparatus in Pheretima 
appears to be single and juxtanuclear (Pig. 1). The nucleus 
is large and excentric. In the earlier oocytes the Golgi 
elements are found to have increased in number (Fig. 2) and 
appear as a mass of very fine black dust over one side of 
the nucleus (Pig. 4). Unlike the results of Harvey on Luin- 
bricus (18-19) who found the Golgi elements scattered in 
the cytoplasm from the very earliest stages and not con- 
densed in the usual juxtanuclear position, my preparations 
(Kopsch) of Pheretima go clearly to show that the earliest 
Golgi elements have a tendency to remain focussed adjacent 
to nucleus (Pig. 2), in a particular denser area. In the later 
stages (Pigs. 3 and 4) they begin to undergo scattering in 
the general cytoplasm. The Golgi elements in the older 
oocytes are situated in a haphazard manner in the general 
cytoplasm (Pigs. 5 and 6), and are remarkably numerous in 
number. It is a noteworthy fact that they do not arrange 
themselves in the form of a ring either in a perinuclear 
position or as a cortical layer in the egg as is generally 
found to be the case in vertebrate eggs. It has also been 
noticed that sometimes one side of the egg is more heavily 
loaded with Golgi bodies than the other (Pig. 7). I am unable 
to account for this phenomenon except by the supposition that 
this particular side probably contained the original denser 
area which still functions in some way or other as the re- 
gion of the focus of growth. 

As regards the morphological nature of the Golgi ele- 
ments, they appear as spherical bodies (Fig. 12) in Da Pano 
(9) preparations with a highly impregnated edge or rim. 
Structures which give an idea of dictyosomes are also 
present but it seems to me likely that they represent the 
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cut portions of the rim of a G-olgi spherule. lu Kopsch 
preparations the G-olgi spherules appear as dark grey 
minute dots (Fig. 8). The Golgi bodies appear to be distinctly 
less osmiophile than is generally the case. This fact is 
corroborated by the observations of Gatenby and Yishva 
Nath (16) in Lumbricus where also a similar condition exists. 

It may not be out of place hereto give the results of 
a Post-Yitam examination of the ovaries. According to 
Gatenby’s suggestion (16) I examined entire ovaries and 
placed them in a physiological salt solution to which some 
drops of 2 Osmic acid were added. Within five minutes 
of the removal of the ovary from the body of the animal, 
the Golgi bodies appeared to be impregnated and under the 
high power of the Microscope looked like small spherical 
bodies (Fig. 9) with a deeply impregnated greyish black and 
thick rim and a clear transparent core giving it very much 
the appearance of a Yacuome as suggested by Parat (37). 

Entire ovaries were also examined by Parat’s method 
in Neutral Red (38). A large number of spherical bodies 
were found in a fairly well-grown egg which took up the 
red colour within five minutes. These bodies appear to 
resemble the Yacuome described by Parat (38), by the same 
method. It seems probable that a large number of the spheri- 
cal bodies with a black rim as demonstrated by Gatenby’s 
method (16) are homologous with the spherical bodies or 
Yacuome so clearly brought into view by Parat’s “ Yital 
Coloration Method” (38). The noteworthy fact is that both 
by the wet methods and by the classical fixative methods 
the Golgi bodies appear spherical at least in the later stages 
of development. 

The examination of a large number of entire ovaries by 
the wet method as suggested by Gatenby (16) revealed in 
some cases the presence of large yellowish-looking droplets 
in the stroma of the ovary. The droplets were also found in 
some cases on the surface of the ovary. Osmic acid 
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apparently does not blacken them and in spite of prolonged 
treatment in Turpentine they keep their yellowish colour. 

I am unable to explain the exact significance of these bodieSj 
but I wonder if these are the bodies which have been mis- 
taken by Harvey (18) for fat or yolk. 

4. THE MITOCHONDRIA. 

In the youngest oogonia which are extremely small 
cells, the nucleus practically occupies the whole area (Fig. 
18 cyt.). There is only a thin small skin of cytoplasm sur- 
rounding the nucleus. In this earliest condition it has been 
found difficult to discover any granulations in the cytoplasm. 
In a slightly later stage, the nucleus begins to occupy the 
excentrio positions and then granulations become more dis- 
tinct (Pig. 14). The granular Mitochondria make their ap- 
pearance in the form of a very small cap (Fig. 14) fitting 
closely to one side of the nucleus. The presence of the 
Mitochondrial cap can be demonstrated both by Flemming 
without Acetic acid and Champy-Kull methods. Later on 
the Mitochondrial cap begins to move around the nucleus 
though still pei'sisting as a compact body on one side of 
the egg and finally acquires a perinuclear position (Figs. 
15 — 18). The scattering of the Mitochondria in later stages 
in the oocytes is haphazard (Pig. 21). The juxtanuclear and 
perinuclear positions are lost and in a fairly developed egg 
Mitochondria is distributed throughout the cytoplasm (Fig. 22). 
The perinuclear and the peripheral zones of Mitochondria, 
as met with in many of the vertebrate eggs, are not notice- 
able here. A definite area exactly corresponding to the 
Yolk-nucleus of Balbiani is not met with unless the 
juxtanuclear concentration of G-olgi bodies and Mitochondria 
is considered to be an equivalent stage. 

The filamenter Mitochondria which Harvey (18) found 
and still believes to exist in Lumbrieus (19) and which 
Hatenby refuted in a paper lately published (16) are 
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conspicuous by their absence in the case of Pheretima. Mito- 
chondria invariably happen to be of a granular type (Pig. 23). 
Even after prolonged treatment with Potassium bichromate 
as suggested by Builliard (4) and Champy for the demonstra- 
tion of filamenter Mitochondria, no trace of the latter could 
be found. It is quite possible that bad fixation of a bad 
material might have given Harvey the picture of Filamenter 
Mitochondria. Any way, the Mitochondria in Pheretima 
appear to be granular. 

5. THE NUCLEOLUS AND THE NUCLEOLAR 
EXTRUSIONS. 

From the earliest stages observable the original nucleolus 
seems to have disappeared and a large number of nucleoli 
arranged more or less in a peripheral manner inside the 
nucleus are visible (Pig. 14). The arrangement of the 
Nucleoli close beneath the nuclear membrane led me at first 
to suspect that Nucleolar Extrusions would be commonly 
found to occur in this animal. Various staining methods, 
however, proved that my suspicion was groundless. How- 
ever, to make sure I examined material fixed in Bouin and 
Carnoy. I stained sections with Mann’s Methyl-blue Eosin, 
Ehrlich’s Haematoxylin and also Iron-Alum Haematoxylin. 
Although tliese methods have clearly demonstrated tlie 
phenomena of Nucleolar Extrusions in several animals as 
for example Saccocirrus by Gatenby (12), Lithobius by Bang 
and Nath (22 — 32), Testudo by Bhattaeharya (1), etc., 
1 have been unable to find any visible trace of Nucleolar 
Extrusions of any kind in Pheretima (Fig. 13). It is possible 
that exchange of nucleolar material between cytoplasm and 
the nucleus takes place in some soluble form which our 
present methods of technique are unable to demonstrate. 

6. YOLK. 

Neither Intra Vitam examination nor the usual 
fixative methods have revealed the presence of Yolk or Pat 
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in Pheretiina posthuma in the eggs of the ovaries so far 
examined by me. I tried the usual Osmic acid method 
and treated slides with turpentine for varying lengths of 
time. I have tried various combinations of stains and other 
methods for the detection of the above-mentioned bodies. 
My experience leads me to think that there is no true Yolk 
or Neutral fat present in the eggs of Pheretima, at least in 
the stages so far examined by me. 

7. DISCUSSION. 

The Golgi body . — There is an undoubted concentra- 
tion of Golgi bodies in the juxtanuclear position in the 
earliest eggs of Pheretima posthuma (Pig. 1). This concen- 
trated area appears to function as a focus of growth and 
distribution (Fig. 2). It will be noticed that the general 
occurrence of Golgi bodies in the cytoplasm is not uniform 
and that the scattering of Golgi bodies always seems to 
take place from the original juxtanuclear Golgi area. This 
seems to be one evidence against the theory of their 
“ de novo ” origin. At the same time it is true that definite 
instances of Golgi division are hard to find. Whether the 
original Golgi network occurring in the earliest eggs inside 
a more or less dense area of cytoplasm is the result of an 
artifact formed by the action of the fixatives or is a true 
picture of a cellular phenomenon is yet little understood by 
us, and must still be admitted as a debatable point. Parat 
(37) is of opinion that the Golgi network or complex is the 
result of the action of fixatives. He says, that the Golgi 
bodies or Vacuome as he calls them, are spherical bodies 
with a definite shape. I must admit also that in my 
preparations either by the classical fixatives or by the vital 
methods, I have invariably found the Glogi bodies to be 
spherical in shape excepting in the very earliest stages whore 
they appear to be in the form of a close network adjacent 
to the nucleus. 
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The Mitochondria.— MitoQ\iondLxm in Pheretima can 
be seen distinctly in the later oogonial stages. Pilamen- 
ter Mitochondria do not seem to be present in this animal 
(Fig. 23). Gatenby and Nath (16), however, definitely deny 
the presence of filamenter mitochondria in Lumbricus, 
and I am inclined to agree with them judging from my 
experience of Pheretima. 

Nucleolar Extrusions and Yolk. — There seems to 
be little doubt that in Pheretima nucleolar extrusions do 
not occur. It is well known that in many cases where 
they occur they are either directly converted into Yolk or 
lost in the general cytoplasm and probably in some 
unknown way contribute their share in the formation of 
the ordinary proteid Yolk from the ground cytoplasm. In 
this case, however, there being no nucleolar extrusions, 
the question of the formation of nucleolar yolk does not 
arise. The Golgi bodies have been found in certain cases 
to acquire a swollen condition. These are naturally 
blackened by the Osmic methods, and may sometimes be 
mistaken for fatty Yolk or Neutral fat. Prolonged treatment 
in turpentine proves that they are simple Golgi bodies which 
have become a little inflated. I, however, labour under a 
difficulty that I have not been able to examine eggs at the 
zenith of the breeding season and therefore I feel reluctant 
in declaring definitely that the phenomenon of Yolk formation 
does not exist in the animal. Further work during the 
breeding season seems to be necessary on this point. The 
probability is, judging from my experience of the examination 
of various grades of eggs, that it will not dijffer very 
markedly from the condition found in Lumbricus by Gatenby 
and Nath. So far as Mitochondria are concerned, there is 
absolutely no doubt that they are granular and not filamenter 
and they keep their identity as such and do not show any 
sign of metamorphosis into Yolk, In Pheretima we can 
safely ignore the possibility of the formation of Yolk or 
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neutral fat from the ground cytoplasm as such formations 
are Yery easy to detect by the ordinary classical methods. 
On the whole it is my conTiction that if Tolk is found at all 
to exist in this animal it will be fatty Yolk developed from 
swollen Q-olgi bodies. It is also possible that these swollen 
Golgi bodies which show a distinct osmiophility are dege-^ 
Berating Golgi elements as pointed out by Foot and 
Strobell (11). 

8. SUMMARY. 

Reviewing the whole work on Pheretim a the following points 
may be summai'ised 

1. A jnxtannolear area both in connection with Golgi 
bodies and Mitochondria exists. 

2. The Mitochondria are clearly defined in the early 
oocytes and probably also in the oogonia. 

3. The Mitochondrial cap spreads out first into a peri- 
nuclear position and then migrates away from the nuclear mem- 
brane and is more or less evenly distributed in the general cyto- 
plasm. 

4. The Golgi apparatus in the young oogonia is single 
and juxtanuciear. It breaks up and spreads out in the cyto- 
plasm in the later stages in a haphazard manner. There is a 
definite concentration of these elements inside and around a 
central mass in the early stages, corresponding to the mitochon- 
drial concentration. 

5. There is no evidence of the Golgi bodies or Mitochon- 
dria arising de novo 

6. Neither Intba ViTAM nor the usual fixative methods 
show the presence of either neutral fat or yolk. 

7. The Golgi elements are less osmiophile than in those 
of many other animals. 

8. The Golgi bodies in developed eggs are always spheri- 
cal in shape. 

9. The Mitochondria are not filamentar but granular. 

10. There are no visible nucleolar extrusions into the 
cytoplasm. 
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10. LETTERma AND EXPLANATION OF PLATES. 

Lettbeinc. 

m — mitochondria. n-w — nucleus wall. 

mm — mitochondrial mass {the n s gr — nucleolar granules. 

yolk nucleus of Galkins). ot — ovarian tag. 

ml — mitochondrial layer. oyt — oocyte, 

n — nucleus. ' g — golgi. 

nli — nucleoli. cypt— cytoplasm, 

ns— nucleolus. oyt — oogonium. 

Explanation op Plate 
Plate I. 

F'ig. 1 — A young oogonium with a single juxtanuclear Golgi ap- 
paratus. 

Pigs. 2-3 — Increase of Golgi elements to form a concentrated mass 
(Kopsoh). 

Pig. 4 — Oocytes showing Golgi elements in various stages 
(Kopsch). 

Figs. 5-6 — Oocytes where the Golgi elements have begun to 
spread out to the periphery. 
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—Fairly mature oocytes in which Golgi elements have a 
tendency to become loaded more on one side 
of the nucleus than on the other. This depicts 
the original focus of growth of Golgi elements 
(Kopsoh). 

P’ig. 8— Mature oocyte in which the Golgi elements lie scattered 
in the cytoplasm. 

Plate II. 

Pig. 9 — Fresh mature oocyte in Osmic acid, showing Golgi 
Spherules with black rim and transparent core. 

Pig. 10— Fresh mature oocyte in Neutral Red showing Golgi 
bodies. 

Ifigs. 11-12— Two mature oocytes in which the Golgi bodies are 
distributed throughout the cytoplasm (Da Pane). 

Pig. 13 — Two mature oocytes showing no nucleolar extrusions 
(Bouin). 

Plate III. 

Pig. 14— Oogonium with a cap of Mitochondrial mass (Ohampy- 
Kull). 

Pig. 15— Early oocytes with a cap of Mitochondrial mass over the 
nucleus (Ohampy-Kull). 

Pig 16— The binuolear oocyte with a Mitochondrial mass (P.W.A.) 

Pig. 17 — Oocyte with a Mitochondrial cap slightly spread out 
(F.W.A.). 

Pig. 18 — Oocyte with an ovarian tag containing several small 
oogonia. In this stage the Mitochondria ha\e 
spread out (P.W.A.). 

Pig. 18a— shows a stage slightly older (F.W. A.). 

Pig. 19— Oocyte showing a peripheral Mitochondrial layer (Ohampy- 
Kull). 

Figs. 20— 23— Oocytes in which the Mitochondria are numerous 
and are distributed throughout the cytoplasm, 
with a tendency to form a peripheral layer. 
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FUNGUS FLORA OF ALLAHABAD 
Uromyces Andropogonis-annulati Syd. et Butl. nov. 
spec, on a new host, Andropogon pertusus Willd. 

BY 

KANHAIYA LAL SAKSEYA, M.Sc., 

Research Scholar, Department of Botany, University of 
Allahabad. 

INTRODUCTION. 

A collection of the fungi of Allahabad was commenced 
on the 15th of August, 1926. Since that time both parasitic 
and saprophytic fungi have been collected. Excursions 
were made regularly and every possible type of locality 
was inspected. Field crops were kept under constant 
observation and parks and even private gardens were 
visited. In all one hundred and seventy five (175) specimens 
were obtained up to the 15th of April, 1927. Of these, 50 
were fully named, being run down to the genus and species, 
while in the case of another 50 only the genus was dis- 
covered. 

Some of the parasites collected are serious fungoid 
pests and cause considerable damage to the crops concerned. 
Amongst these may be mentioned Puccinia graminis on 
wheat, Sclerospora graminicola on Bajra (Ponnisetum typhoi- 
deum. Rich), Ustilago Hordei (Pers) Kell and Swin on 
Barley (Jau), Melampsora Lini on Linum usitatissimum 
(Ulsi), Tolyposporium Penicillariae on Bajra. 

During the rains many Basidiomycetes (Toadstools, 
mushrooms, etc.), were available. Some of these, such 
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as the umbrella fungi (Agaricinae) and Scleroderma vulgare 
grew on the soil while others such as Auricularia sambicine, 
Hydnum, Sterium, Favolus, Schizophyllum commune and 
Fomes lucidus were found growing on dead wood or at 
the base of living trees. 

This paper does not include an account of the local 
moulds and aquatic fungi which it was not possible to study 
in the time at my disposal. 

Hand sections sufficed in most cases for a study of 
the fungi but in a few cases microtome sections were also 
prepared. Camera lucida drawings as welh as free-hand 
drawings have been made, chiefly in the case of new species 
hitherto not described and also where something of special 
interest presented itself. 

The work was carried out under the supervision and 
guidance of Dr. Julian H. Mitter, M.A., Ph.D. (London), 
F.L.S., Head of the Department, to whom I am greatly indebted 
for all his help and instruction. My best thanks are also 
due to Dr. William McRae, M.A., D.Sc., F.L.S., Imperial 
Mycologist, Pusa, for allowing me to work in Ins labora- 
tory at Pusa and allowing me free access to his herbarium 
and library. I would also acknowledge my gratitude to 
Dr. McRae’s assistants— Mr. S. N. Mitra and Babu R. R. 
Sen. I also received help from Dr. W. Dudgeon, Ph.D., 
and am thankful for the same. 

UbOMYCBS AhDEOPO&ONIS-ANHULATI Syd. ET BuTL. NOV. 

SPEC. ON A NEW HOST, AnDEOPOGON PEETUSUS WiLLD. 

(With Plates I, II, and III.) 

On November 29th, 1926, plants of Andropogon per- 
tusiis Willd. growing in the Botanical Garden of the Allaha- 
bad University were observed to be attacked by a fungus. 
Some of the plants were brought into the laboratory for 
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examination wliile the rest were left for the further growth 
and development of the fungus. From this time on, till the 
10th of February, 1927, the fungus was kept under constant 
examination, fresh infected plants being examined on each 
occasion. The fungus infects both surfaces of the leaf. 
The shoot and the leaf-sheaths are unaffected. Purple- 
brown sori are present on upper and lower leaf surfaces, 
and contain two kinds of spores mixed together. There 
Was no difficulty in recognizing the minutely spinous, 
pedicelled, one-celled, thin-walled Uredospores, but an 
attempt was made to find out of what type the other spores 
could be. These spores were also pedicelled but were 
smooth, one-celled and thick-walled. Some of these spores 
were put in water and some in 2 ^ sugar solution, and 
moist chamber experiments were tried to induce them to 
germinate but without effect. They are teleutospores and 
will not germinate without a period of rest. Some infected 
bits of leaves were dehydrated and embedded in paraffin. 
Transverse sections were cut 5 thick and a careful study 
of the fungus was made. The description of the fungus is 
as follows : — 

Teleuto-sori : — Amphigenis, solitary or aggregated, 
oblong or in a line, purple-brown ; mixed with the 
Uredospores. 

Uredospores : — Thin-walled, minutely spiny, glo- 
bose, sub-globose or ovate ; yellowish-brown in 
colour, 18 — 25'3^ixl5’18 — 24/*, Pedicel hyaline. 

Teleutospores : — Thick-walled, one-celled, mostly glo- 
bose, sub-globose or angular in shape, dark brown 
in colour, apex rounded, 25‘3 — ^34*04 n x 18'86 — 
26'22 fi. Pedicel hyaline. 

The above description agrees with that of Uromyces 
Andropogonis-anntilati 8yd- et Butl. nov. spec, which has 
been described by Sydow and Butler (1907) on Andropogon 
annulatus. The present fungus has recently been compared 
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with that on Andropogon annulatus at the Pusa Herbarium 
and was found to have the same structure but for minute 
differences in the size of the spores and the position of 
teleuto-sori which are amphygenis in the present case while 
hypophylis (on lower surface) in the case of the fungus de- 
scribed by Sydow and Butler. 


Spore measurements compared. 



Uredospores. 

Teleutospores. 

Uromyces Andropogonis- 
annulati Syd. et Botl. 
nov. spec, on Andropo- 
gon annulatus, Pusa 
Herbarium. 

18—25 X 15-24 /a 

25—36X18—26/1 

Uromyces sp. on Andro- 
pogon pertusus Willd.— : 
Allahabad. 

18— 25-3xl5’l8- 
24/4 

25'3— 34'04X 

18‘86— 26-22 /4 


The slight differences in the size of Uredo and Teleuto- 
spores as shown in the table may be due to 

(a) change of host 

(b) change of environment 

and therefore in my opinion negligible. Moreover, 
Androfogon annulatus and Andropogon pertusus Willd. are 
such closely allied plants growing close together in the 
same localities that it is most likely that Andropogon pertusus 
Willd. may also be subject to infection by Uromyces Andro- 
pogonis annulati Syd. et Bull, nov, spec. Thus I conclude 
that Uromyces Andropogonis annulati Syd. et Butl. nov. spec. 
also infects Andropogon pertusus Willd. on which it has 
not been previously recorded. 
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Andropogon pertusus 'Willd. grows profusely in Allaha- 
bad. As to its fodder value Watt says, “ It is an excellent 
grass for grazing and stacking.” Duthie says it is found 
in light soils and puts it among the first class fodder 
grasses. Rangachari remarks, “ This is an excellent fod- 
der grass and it grows quickly and stands cutting very 
well. Cattle eat this grass very well.” [Burns, W. ; 
Kulkarni, L. B., etc., 1925.] The fungus causes considerable 
damage to this grass. 



Table giving name of Fungus, its host and locality, etc. 


198 


THE ALLAHABAD HNIVEESITY STUDIES 



Brysiphe Polygoni D. 0. ... Pisum sativiun. Bot. Gar., Alld. 2 8th I^ebrnary, 

Uni. 1926. 
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Mayo-road. lyab. 

Uredo Fioi ... Fious carioa, B o t. Gar., Alld. 8 th September, 

Uni. 1926. 
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DESCRIPTION OP PLATES— I, II, AND III. 

Figures 1 and 2 are free-hand drawings, the other figures were 
all drawn with the camera luoida. 

Lettebing. 

Bpi, epidermis ; G., germ-pore ; L. S., lower surface of the leaf ; 
M.T.S., mature teleutospore ; N., nucleus; P., pedicel, S., 
Sorus ; T.S. teleutospore; U. S., uredospore; Up., upper 
surface of the leaf ; W., wail of the teleutospore. 

Plate I. 

Fig. 1 — Entire plant of Andropogon pertusus Wilid., showing 
roots, stem, leaves and spikes. J natural size. 

Fig. 2 — ^Entire leaf showing the sori on its surface. Natural 
size. 

Plao^e II. 

Fig, 3— Uredosporesand Teleutospores from the same sorus. 
X310. 


i 
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Fig. 4— Transverse section of a leaf showing sori on both 
the surfaces and the ruptured epidermis. X 310. 

Plate III. 

Pig. 5 — Transverse section of a leaf showing a sorus on the 
upper surface. The teleutospores are in various stages 
of development. X 620. 

Abbbeviations. 

Bot. Gar. Alld. Uni.— Botanical Garden, Allahabad University. 




SECTION 111. 


PHYSICS. 



ACOUSTICS OF THE PIANOFORTE 


BY 

R. N. GHOSH, D.Sc. 

In the acoustics of the pianoforte, there are three 
important factors upon which attention has been given by 
physicists, viz. — (1) the mechanism of the hammer, (2) the 
production of the tone quality in the struck string, and (3) 
the same in air. Helmholtz (1) first pointed out that the 
impact of the hammer is elastic lasting for a short time and 
imposing a pressure variation F sin/it upon the string. Kauf- 
mann (2) however showed that the duration of impact is 
comparable to the period of vibration of the string, and that 
it depends upon the striking distance, and developed a sim- 
ple formula for the calculation of the duration of impact in 
the case of an inelastic hammer when (1) the striking dis- 
tance was small, also (2) when it was half the whole length 
of the string. Later on Profs. 0. V. Raman (3) and B. N. 
Banerji showed that the duration of impact increases as the 
striking point moves further away from one end passing 
through small fluctuations. They developed a rigorous for- 
mula for the calculation of the duration of impact at any 
point of the string in the case of an inelastic hammer. 
Kaufmann’s formula was recently extended by Mr. P. Das (.4) 
for the same purpose. In 1924, the present author (5) show- 
ed that the elasticity of the actual hammer used in the 
pianoforte must be taken into consideration to calculate the 
duration of impact, and extended Kaufmann’s formula to 
include the case of elastic hammer when the striking dis- 
tance was small. The theory does not indicate the small 
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fluctuations mentioned before, and it does not bold good 
when the striking distance is large. From the experimental 
results it seems however that the simple formula can he used 
to calculate the duration of impact up to 1/6 without appre- 
ciable error. The formula can be put in the form 

T “"f" ['i'f r] - approximately ... (1) 

where m = mass of the string of length 1. . 

M= effective mass of hammer, 
a = striking distance. 

X = 1 -hTo//^a 
To = tension. > = elasticity, 
period of vibration _ ^ 
duration of contact 

It may be pointed out that the above formula has been 
derived by the combination of the principles laid doAvn by 
Helmholtz and Kaufmann. Experimental verification of 
the above formula has been made with different values of 
m/M, a/f andX, and the results agree with the theoretical 
value fairly. 

Section 2. 


The Tone Quality oe the Struck String. 


The tone quality of an isolated struck string depends 
upon (1) the striking distance, (2) the hammer, (3) the ten- 
sion and (4) the impinging velocity of the hammer. Ex- 
perimental work in this connection is meagre except the 
recent work of Mr. W. H. George (6) and the pioneer work 
of Mr. S. K. Dutta (7) and the author’s own experiments. 
Experiments (8) by keeping the velocity of impact constant, 
and varying the other quantities have shown (1) that the 
fundamental, and the octave have maximum amplitude when 

T T 

= 1 or 2. They are minimum when ‘5 or i'5. 

Other ratios beyond 2 were not investigated. This relation 
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has been found true when the striking distance is kept con- 
stant and the duration of impact is varied by changing the 
hammers. (Physical Revievv, December 1926, Yol. 27.) 

It may however be pointed out that Gleorge’s experi- 
mental results that the positions of the first maximum and 
the first minimum lie on hyperbolas when M/m is graphed 
against « jl as abscissa (p. 498, Phil. Mag., Yol. 51, 1925), 
agree with author’s above conclusions. For equation (1) 
shows that the product of the two quantities is approximately 
constant. The tension atfects the magnitude of the maximum 
amplitude, for instance, it has been found that the amplitude 
is reduced when the tension is increased. From the formula 
discussed in section (3) it will be observed that the amplitude 
is proportional to Y /N where Yo is the velocity of impact 
of the hammer, and N the frequency of the fundamental. 
Hence it is inversely proportional to the square root of tension. 
If the tension is kept constant, the maximum amplitude of the 

T 

fundamental comes out the same when = 1 or 2 for a 
given string. 

Now the first condition for a good musical quality is that 
the first four partials must be strong. And this condition is 

fulfilled when = 1 or 2. Hence the question that now 

arises is the choice between the two ratios. The effect on 
the musical quality when the first ratio is selected will be to 
increase the strength of tlie higher partials on account of 
reflections reaching the hammer from the further end. Thus 

T 

the selection must be made such that == 2. On looking 

back into equation (1) it will be found that this factor alone 
does not determine the absolute value of the mass of the 
hammer or the striking length. It will appear from the^ 
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discussion in section (3) that the consideration of the absolute 

T 

magnitude of the fundamental at = 2 does not fix the 

in/M OT ajl. But there is the musical factor which determines 
the convergence of the partials, and this combined with the 

-rp ■■ 

factor that = 2, determine m/M and a./l(W. H. George 
and A. E. Beckett, Proo- Roy. Soc.,iYol. 114, p. 134, 1927). 


Section 8. 


Calculation of Yibbation Poem. 


The first thing to do is to obtain the pressure imposed 
upon the string by the hammer. It has been shown (9) that 
it is given by 

Vo Toe ^ 
i3= _ 

S 

Graph of (2) is shown in Pig. (1) 

. At t —0 when the impact begins, the pressure is 2YopC 
where p==mass of string per c.m. and C == velocity of 
transverse wave in the string. The pressure rising from 
this initial value attains a maximum value 





ia I 


^ & I 

a 2cr” 



and then becomes zero at the end of the impact. It will 
be found that p,„. is a function of a. Corresponding 
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to the pressure given by (2) the generalised component of 
force is 


- S g. 


To e sin ^ 

R /I R \ 

Ra sin (9a = cosi^ , RaOOS ^a= I — — "q sin ^ J 

put z=2Vo To RaSin^-^j 


Im VI 


(4) 


and then the motion of the generalised co-ordinate <!> * is 


given by— J ^ smnQ-t^) . e sin{qt^+ e^)di^ 

f -x -X 

A J 6? [sin(xi --fi7rlq)] + sm xi __ k cos x^ + e cos (x^-^fiTrlq) 

I (q^n) 2 \ {g-7iy^k"l4] 

-X 

, [(g— /g) sin (a?! — e 4-sin x 
[iq-nV+7c^f4:] 

^ x%^nt^B^ ... ... (5) 

From (5) it is evident that the sth component vanishes if 
the striking point coincides with any of the nodal points of 
the same component. 



When ^/g== nty m=:8f 5, 7, etc. 



s 

2w“ 


m=2,4, 6, etc., 


/ -x\ 



\1=±^) i 

'2 sin mh oosjva ] 

(6) 

, (1+m) 2n {l — m)} 

K 

1 

zm^\l+e 

) J2 sin^i kmooBXz \ 

■ (7) 

(1— m) 

\ (i+m) — j 


m=l,4> = ; f sin a;, 2n , cos a:, ) ... (8) 

2 m* 12 ;gOOsa;a-i- | 

m=4/3 <)!>« = ) f 2 sin far — t/S) oosC-Ca — ;r/3) ) (-q\ 

Prom the formulse (7) (8) and (9) it is found that the motion 
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is Yeiy feeble when the period of vibration of the sth com- 
ponent, is 2/3, 2/5, etc., of the duration of impact. When 
however the period of vibration is 2/1, 2/2, 2/4, etc., 
of the duration of impact, the motion is finite. According 
to Helmholtz’s theory, the motion entirely vanishes in the 
first case, but according to the law of pressure given above, 
it is not entirely evanescent, but it depends upon the damp- 
ing factor K which in the case of constant tension is smaller 
the greater is the mass of the hammer. Hence in the higher 
octaves of the piano where the mass of the hammer is small, 
the motion under the case contemplated above is percep- 
tible. 

'r 

Thus we find that in the cases when — = 1 or 2, both the 

9 

fundamental and the octave are strong, whereas they are 

T . 

feeble Avhen 7 — *5 or I’fi approximately, in agreement 

cp 

with experimental results. 

From formulae (7) and (8) we can calculate the vibration 
of the fundamental in particular cases of T/f^. 


Let 


m 


:Xi 


MiX 
T|^=l and x< 1 

, V„ 1 ll+e . 4xi . 

9i = -5- sm . sm nxl 

JN C)7r Xi TV 




Vo l l-a ) . 


N xf 


. sm 


( 10 ) 

^oos n\ t (11) 


Xa>l, <j>r. 
N=C/2Z 


/ -X.IA 

2 Vo . X 4 \ 1 — e ) . , , 

sm nxl ... (12) 


T 


For a given value of x when ^ is varied by changing the 


T 


T 


striking distance a , the amplitudes at = 1 and = 2 
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are found from (10) and (11) when x<l. The ratio is 

J_ (l+e )sia(4xi /ir) 

■ Bt ■ 




Xi 


(l_e 


Q 


For a given value of x<l this is found to be unity. This 
is in agreement with the results obtained experimentally, 
pages 877 and 885 (Phil. Mag., Vol. 50,1926). For 
instance, let us put x=l, then the ratio is found very nearly 
equal to unity, and this is found to be the case accord- 
ing to the last table on p. 885. Similarly the results of 
Table I are also found to be true to the theory. 


Amplitude N/Yo 


Table I. 


WM ' m A„0al. Aobs on different 
1 

3-7 

1 

•8 
•8 

rj, : . ^ ■ 

Let Ai denote the maximum amplitude when — = 1 and 

<■/' 

T 

A 5 when = 2. 

From (1) we find Ai is a complicated function of x. 
When A is plotted against diiferent values of x, the value 
of A I is found to be continuously diminishing, and the 
curve does not show maxima. Similarly w^hen A^ is plotted 
against x. [x 2 <l] no maxima is obtained. In the case 


2 123 3-20 

2 126 3-3 

1 14G 3-7 

2 130 23‘5 

1 180 20'0 
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when x>l a maxima is obtained for in the neighbour- 
hood of x=4, giving -y • This value of the striking 

distance is of little importances for the energy transfer from 
the hammer system to the string is greatly diminished, and 
reflections from the bridge increase the strength of high 
upper partials. The smaller the value of x the larger is 
the absolute magnitude of the maximum amplitude at 
T 

or 2. 



Table II -I- = 2. 

9 



all 

A cal. 

•5 

1/18 

141 

1-0 

1/9 

123 

1-2 

1/8 

120 

1-3 

l/7'9 

118 

rs 

1/6 

106 


Thus we find that the consideration of the biggest magnitude 

T 

of the maximum amplitude at — = 2 does not give a deter- 
minate value of x and therefore a/Z also. 

Elastic Hammer. 

The function of the elasticity of the hammer in pianoforte 
is not well understood. It is generally mentioned that the 
convergency of the partials is greatly increased by increasing 
the elasticity of the hammer felt. We have already shown 
that the duration of impact depends upon x=?w/MX 
and therefore the object will be achieved when X = l, and 
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a hard hammer Mi of greater mass be substituted in place 
of the elastic hammer. Thus it is clear that the use of 
elastic hammer is not due to the increasing conTergency 
of the partials alone. It will however be presently shown that 
the energy transfer from the hammer to the string is 
greater for any given value of s, the softer the hammer. 

The loss of energy of the hammer after the 
impact is over is given by 

... ... (13) 

The total energy of vibration of sth partial is given by 
... ... ... (14) 


Hence the fraction of energy that goes into the sth 
partial is equal to EjEi =r/i 




m 

M 



A, can be calculated from (7), (8) and (9). Taking A* 
to be a function of x we can write (15) 

/=Oonst. /(x). S“X ... ... ... (16) 

Thus for any given value of X the maximum fraction 
of energy transferred to any partial will be greater, the 
softer is the hammer. This gives the real explanation 
of the use of elastic hammer. 

In the case of the Fundamental Table III shows the 
fraction of energy transmitted to it by the hammer for 

different values for X. 

29 
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E'ractional Energy of the Fundamental. 
Table III 2. 

X. /. 


‘3 

•026 

*5 

•024 

*7 

•025 

•8 

•025 

•9 

•023 

ro 

'024 

r5 

•021 

2-0 

•026 

p _ Vo 1 

[ ~Xa/2j sin 

1-^ / 


X 


/.= 


BiX 




const. 


In the case of the octave t=*2 


'Ei^=z7r'^mB ni' 




( ^2/2 sin - 


2x. 

TT 


N 6 ;r X 2 



E^x 

-X, \ const. 
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-x72 

1+^ 

Sin 2x1 TV 

B.-e Vo/N 

/ 


’3 

rse 

•2 

•069 

•021 


‘5 

1 78 

•295 

059 

•017 


7 

171 

■44 

•060 

. -020 


•8 

1-67 

49 

•056 

•020 


1-0 

reo 

•61 1 

1 

-94 

•018 


1'2 

lo5 


•051 

•018 


■9 

r64 

*56 

•057 

0195 


From these tables we find that the energy of the 
fundamental and octave is large at x =‘8. This gives 


■“=12 • This is very far from the actual choice in the 

striking point. Probably at i the musical quality is 
considerably improved ■without entirely great diminution 
of the energy that is transmitted to the string by the hammer. 

Goupled Oscillation of Beidge and String. 

The theory that has been presented in the preceding 
section holds in the case of an ideal string fixed at both 
ends. In the actual case, however, one end is fixed and 
the other end passes over a flat bridge fixed to the sound 
board. The same bridge extends over the sound board 
and other strings also pass over the bridge. The vibration 
of the string is communicated to the sound board through 
the bridge, but in doing so reactions of other strings on the 
bridge are brought in, and hence the oscillation of the 
latter is greatly damped. 

The vibration of the string will also be damped on 
account of the drain of energy (10) from it to produce 
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vibrations of the sound board. The greater the vibration of 
the sound, the greater will be the drain, and heavy will be 
the damping of the string. Let us assume that the vibration 
of the string is given by 

e I e - e ... (18) 

where a7=0 fixed end, and »=l is the end connected 
to the bridge, and is the damping coefficient. Let us 
further assume that the vibrations of the sound board do 
not depart to a large extent from the normal modes on ac- 
count of damping, and that they are given by 

ar'Pr+brtfA-g'',. ... ... (19) 

where f{t) is the force exerted at the end x=l, and i'r is 
the normal co-ordinate. 

Now / (/) = ■" ’I'o f ~ V when = I 

\ dx ) 

= -2T, F. r. + (20) 

From (19) and (20) we get 

^ _ 2 ^0 F. r. e. cos $l P p oos ni+Q, sin k/ "1 (21) 

'^r-- L J 

P;. = [A^ q 4-2w By ^], Qy =(2« By — Ay p) 

Ay = { i — n^) + 2k q c ■¥ q^c^} 

By = (ife+^c), D/= Ay^-f B,.“ 


~=:2k,pc~n 

r=: resolution factor of the force. 

The yielding the bridge must be equal to the transverse 
displacement of the string at the end x—l. Hence 
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Equating the coefficients of cos and sin ni -we get 
the following relations: 




The motion of the ^’th co-ordinate is shown by (21). It 
is found that the damping of the sound board and bridge 
is the same as the string, as is expected to be the case. 
Further the resultant vibration will be very large when 
D,. “ is small ; this is found to be the case when m— n. Under 
these circumstances, there will be heavy drain of energy 
from the string, and the damping will be very great. 
That such is the case is found from (23), which becomes 
very large when any one of the denominators becomes 
small. The free periods of vibration, when coupled to the 
bridge, are given by (24). Generally the efiFect of vibration 
of the sound board upon the free period of the string is 
small, except when any of the normal nodes coincides with 
that of the string. 

Further it will be observed that the damping coefficient 
of the string affects the free period even when the squarres 
of that quantity are neglected in comparison to larger 
quantities. The first effect of the coupled oscillation of 
the bridge is to diminish the frequency of free vibration 
of the string. The diminution is larger the smaller the 
inertia of the bridge, vanishing in the case of infinite 
inertia of the bridge. 

We find from equations (23) and (24) that the damping 
coefficient of the string will be different for different fre- 
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quencies. Hence some vibrations -will die out more rapidly 
than others. But the most important result is the change in 
the quality of the note as the vibrations die away. The 
different components have different rates of decay, hence the 
quality undergoes a gradual change as the vibration of the 
struck string dies out. The effect is most marked when any 
of the normal modes of the bridge coincides with that of 
the string. That this takes place has been observed by 
Prof. Miller in his book on “ Science of Musical Notes” 
(page 208). 

SecMon 5. 


Fees Vibeations oe the Sound Boaed. 


The exact theory of vibrations of a clamped square 
plate is very complicated, but an approximate calculation 
can be made for the frequency of oscillations by the method 
of prescribed vibrations satisfying the conditions at the 
boundary. At the boundary of a clamped plate the displace- 
ment and tangent must be zero. Let us assume that the 
displacement w is given by w = ^ (c “ — —y^ )“ 
where the origin of co-ordinates is the centre of the plate. 
The total kinetic energy is given by 


dxdv 


T = J j Ip I 2h ^ fiw 
2A the thickness of plate and p, , its density 


=iPih 


256 

3i5 


2 c - side of the plate. 
In the same way the potential energy 


... ( 25 ) 
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If w = A cos j(i/ 1 then 

V' = B/pi ( ) 

If 2 <;=i loo, Y\ = 3*85 X lo” cm., 2 A = ‘5 cm. 

_L=32. 

2T 

Thus we find that the fundamental vibration of the 
sound board has a very low frequency, other modes of 
vibration can be calculated by the above method but the 
numerical calculation is very tedious. The damping of the 
sound board due to radiations of sound is very small com- 
pared to the damping on account of reactions of the strings 
upon the vibrations of the bridge. Proceeding on the same 
lines as Prof. Lamb (i o), we can obtain a superior limit 
of the loss of energy by radiations. 

The integral of the normal velocity over the surface of 
the plate is 

(^dk 


JJ 


dt 


-dxdy ic^-xy{c'-y^r 


_(dk\ (IQV.o 
-[dtj llhj 

The effect at a distance is, therefore, that of a simple 

source of strength 2 

The mean rate at which energy is carried outwards by 

the hemispherical waves, is, therefore, j 1 

where X*= A sin//. 
p= density of air. 
c, = velocity of sound in air. 

The mean energy of the plate, being twice the mean 
a a /2o6 \ ’ * ® 

kinetic energy is (si^ j ^ 
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Equating the rate of decay of the energy to the emission we 
find 



For the plate of the particular dimensions mentioned 
above, and for a frequency of vibrations 312 


s=2'5x10 

In the actual case, the damping due to radiations will 
be much smaller than the above value, since there will be 
many nodal lines, and different parts of the board will be 
moving in different phases. Hence the damping due to 
radiations will be less than the above value 


S<2-5x 10 

Damping due to radiations is, therefore, very much 
smaller than that due to reactions of the strings and friction 
which is of the order 10 \ 
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Pig. (2) shows the wave at the striking point, and Fig. (3) 
the same at 4 otns. from the striking point. The wave shows (hat 
the string attains the velocity of the hammer at the beginning of 
impact, starting suddenly from rest. This is clearly shown in 
Pig. (3). Pigs. (2) and (3) were both obtained from felt hammers. 



Fig 1. 




[ Pkessure and distance cubve. 1 

Fig. (1) shows that the pressure is finite at t = 0 for a felt hammer. Vide 
Equation (2). 


Pig. 2. 


Pigs. (2) and (S) show the wave form during impact of a felt hammer. Fig. (2) 
represents the wave at the striking point, and Pig. (3) the same at 4 cm* from 
the striking point. The inclination of the wave form shows finite velocity of 
the string at t = 0. - 





ON THE ARC SPECTRUM OF BISMUTH* 


Br 

a R. TOSHNIWAL, M.Sc., 

Research Scholar, Allahabad University, 

Allahabad. 

SUMMARY. 

The arc spectrum of Bismuth has been investigated in the heavy 
arc, and under-water spark, and the lines remeasured between 
A. 1900 and A 3560. A discussion of the structure of the spectrum of 
Bismuth from the standpoint of the theories of oomplioated spectra 
is given. It is shown that in Bismuth, owing to its large atomic 
number terms arising from the same level are separated by widely 
different levels, and this renders the interpretation of the spectrum 
rather difSoult. A large number of new lines has been obtained and 
a number of important lines has been oai*efuHy remeasured. The 
new lines include some predicted by Thorsen. 


The arc spectrum of Bismuth is interesting from more 
than one point of view- Thirty years ago Kayser* and 
Runge tried to discover regularities and found that the 
spectrum consisted of groups of lines having the separations 
11418, 4019, and 6223. The last group consisted in some 
cases of close doublets with the separation 1.91. Ruark, 
Mohler, Foote, and Chenault® investigated the excitation 
and the ionisation potential of the element by the electron 
bombardment method. They arranged the lines in a number 

B ' ' ' A ■ 

of fundamental levels (denoted by 3d„, Sd, , 3d, , etc.) 

* Published in Phil Mag., Vol. IV, Oct. 1927. 

“ Kayser : Handbuch der Spectrosoopie 2, p. 576. 

“ Ruark, Mohler, Foote and Ohenault : So. Pap. of the Bureau 
of Standards, 19, 463, 1923-24. 
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and sub-1 e-vels denoted by Greek letters a, s, Vi etc. 
They added with some hesitation two lerels Is. and s, to 
those given by Kayser and Range. While this paper was 
being written there appeared a paper by Thorsen (Ziet. f. 
Phy. Band 40), who tried to discover Rydberg sequence in 
the spectrum of Bismuth. 

On the experimental side Offermann^ gave an accurate 
measurement of wave lengths from A. 6134 to '^2061. Ran- 
dall* has explored the infra-red region from A. 9600 to 
X 22000 by means of a grating, a thermopile and a Paschen 
Galvanometer. Walters® has measured the wavelengths in 
the arc spectrum within the region X 5600 to X 9600 by 
means of photography. Takamine and Nitta have measured 
the spectrum on the short wavelength side of X 1900, while 
Bloch* and McLennan* in the Schumann region down to 
X 1400. Zeeman effect has been studied by Purvis,® but 
the data does not seem to be reliable. 

The spectrum of Bismuth has been studied in this 
Laboratory by Dr. N. K. Sur in the furnace and under- water 
spark. The results were not published in the expectation 
of a more extensive investigation. I took up the work 
started by Dr. Sur and have investigated the 20 amp. arc 
spectrum. 

The region x 4800 to x 3500 was photographed by 
means of a 5 ft. Rowland Grating (dispersion 11*12 A° to a 
mm.), from X 3550 to 2170 was investigated on Quartz 
spectrograph El (Adam Hilger), kindly lent to us by Dr. 
N. R. Dhar of the Chemistry Department, and from X 2170 
to X 1900 on the above-mentioned grating and also on a 


’ Offermann, Kayser and Konen : Handbuoh der Speotrosoopie, 
Vol. 7, p. 104. 

“ Randall, Astro. Jour., 34,1,1911. 

® Walters, So. Pap. Bureau of Stand., Vol. 17, p. 168, 1922. 

L. and B. Bloch, 0. R., 170, 320 and 171, 709 (1920). 

* McLennan and Young, P. R. S. (Lond.), 98, 96, 1920. 

* Purvis, Pros. Oamb. Phil. Soo., 14, 216, 1907. 



I'HE ARC spectrum; OE ^ ^ 235 

quartz spectrograph. Comparison spectra of Iron was taken 
up to 2300, that of copper arc from ^ 2300 to ^ 2170 and 
that of silver spark down to A 1900. 

My measurements substantially agree with those of 
Offermann ; the differences between the two greater than 
’02A° have been noted down. Offermann’s data is used be- 
tween 3500 — 4800, since my measurements of the plates in 
this region cannot be accurate in the second decimal place, 
because of the small dispersion in the first order of the 
grating. The lines marked by T in this region are new 
lines and there is a possible mistake of not more than '08 A®. 

Between A. 2170 and ^ 1900, my measurements differ 
considerably from those given by Eder and Yalenta, and 
recorded by the Bureau of Standards investigators already 
mentioned. The order of mistake in this region is not more 
than -OSA." U. 

Besides the lines already recorded, I have discovered a 
large number of new lines which have been denoted by T. 
I have looked for the impurities of Si, Pb, Ag, Tl, C, Bi, 
As, Sb, Sn, Zn, etc., and also for air lines with the aid of 
the tables given in the Yols. 6 and 7 of Kayser’s Handbuch 
der Spectroscopie. 

Table (I) gives a list of the Bismuth arc lines with 
wave numbers and classification. 

Table I. 


List of Bismuth Arc Lines. 


^air. I. A. 

Infc./ 

■ V 

vac. 

iOlassification. 

1 . 

i ■ ■ ■ 

Remabks. 

190216 

1 

32612 


Probable error of 

■ ,:.cvi;A. 

1909‘60 

2R 

52362 

i 

i 

Observed by Dr. 
Sur in absorp- 
tion. 
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^air I. A. 

lat. 

Vao. 

Classifioation. 

Remabks. 

191375 

3 

52236-3 



1930'42 

3R 

31785-0 

« s • 

T' 

1953'89 

8R 

51163’2 

‘S,-J3 


1959-48 

8R 

51017-3 


Bloch (1959-63). 

1973-08 

6 

50665*7 

“D3-O, 

Bloch 1973-15. 

1976-42 

■5 

50580-1 


-T ■ 

1984-5 

2U 

503740 


T 

1989-96 

6 

50235-8 



2001-59 

2U 

49944 0 


T 

2011-39 

lu 

49700-7 


T 

2021-21 

6R 

49459-3 


Bder 2020-1 in Vac. 

2023-99 

Oil 

49391-3 


T 

2033-91 

-51J 

49150-5 


T 

2041-96 

8 

48958-8 


T 

2049-69 

7R 

48772-1 


Ecler 2049*59 in V ao. 

2053-52 

’ou 

48681-2 


T 

2067-68 

5 

48582-8 


T 

2061-70 

lOR 

48488-1 

1 

/S3-G, 

0. 2061 -73. 

2064-79 

6 

^ 48415-5 


T 

2069-70 

1 

48300-7 


T 

2097-63 

•5U 

I 47657-6 


T 

2110-31 

lOR 

! 47371-3 


0. 2110-26. 

2133-69 

6R 

46852-3 

'D,-0, 

, 0. 2133-62. 

2134-68 

6R 

i 46832-8 


0. 2134-31. 

2143-66 

1 

■ , 

1 46634-4 


T; ' 

1 Single broad 

2152-91 

6R 

1 46434-0 

!■ ' , 

G. ^ reversal on 

2153-53 

6R 

! 48420-7 

1 ■ *’* - 

0. J my plates. 

2156-96 

7R 

46347-0 


2164-10 

4R 

46194-1 

. . . ■ . 1 

0. 

2176-62 

OR 

! . • 1 

1 45928-4 

, 1 

Ruark, etc. Very 
faint traces appear 
on one plate only. 

2177-22 

^ 4R 

45915-7 

1 

Rnark, etc. 2177-33. 

2189-58 

8R 

45656-6 


2198-26 

IR 

45476-3 1 

::l 

T 

2202-86 

2RU 

45381-3 ! 


T 

2203-12 

4U 

45376-0 j 

■ . '1 
:■ 1 


0. ? 
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X air. LA. 


221411 

2224-24 

2228-23 

2230 64 
2237-84 
2246-77 
2249-38 
2276-57 

2281-38 

2288-00 

2289-98 

2293-87 

2297-58 

2304-94 

2309-73 

2313-80 

2316-1 

2317-43 

2328- 19 

2329- 95 
2333-79 

2337-49 

2345-91 

2347-99 

2349-10 

2353- 61 

2354- 60 
236009 

2368- 18 

2369- 21 
2379-73 
2400-90 
2409-57 

2430-46 

2433-4 

2435-81 

2448-30 

2489-6 


Int. 

vrao. 

Oiassifloation. 

Rbmaeks., . 

1 

1 

3R 

451507 


i 

2 

44946-1 


0. 2224-21 

lOR 

44864-6 



lORu 

44816-4 

'-S ,-03 


IR 

44672-0 


T [TI. ?] 

lu 

44494*5 


T 

5 

44442-9 

®P, -Cj 

T 

lOR 

43912-2 



6u 

43819‘5 


0. 2281-35 

1 

43692-8 

« • 

T 

1 

43655-0 

... 

T 

*5u 

43582-0 


T? 

lu 

43510-6 


iT 

lu 

43371-7 


1 T ' . : 

3U 

43381-7 


0. 2309-3 

IR 

43205-6 

*8,, -a,, 

T 

lU 

43162-7 

T ' ' ■ ^ 

Ir 

43138-0 


T ' : 

7r 

42938-6 


0. 2328-24 

1 

42906-2 


T 

7 

42835-6 

*0,-03 i 


-6 

42767-8 

! 

T ' ■■■'— :L:%ggi: 

5u 

42614-3 

i 

! 

T .L':::; - 

OU 

42576-4 

i 

T ? 

3 

42556-5 


T 

1 

42474-9 

1 


4u 

42457 0 


0, 2354-48 

lU 

42368-1 

1 

T. 

Ir 

42213-6 



6u 

42196-2 


0. 2369-17 

5u 

42008-7 


T : L- 

lOR 

41638-4 



2U 

41488'5 


0. 2409^2 

3u 

41132-1 



3U 

2U 

41082-3 

41041-8 


0. ? 

T 7-^ 

8R 

40832-3 

*D3-k. 

0. 2448-06 

3U 

40155-0 

... 
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X air I. A. 

Int. 

V vac. 

Olassification, 

Remarks. 

2499-52 

10 

39995-6 


0. 2499-30 

2515*68 

9R 

39738-7 



2524-53 

9R 

39599-6 



2532-2 

5U 

39479-5 


0. 2532-5 

2536-56 

IR 

39411-63 


T ? Hg. 

2582-20 

4 

38715-1 


0. 2582-15 

2594-12 

1 

38637-2 

’Da-L, 

0. 2594 '03, V 38588*6 
My measurement 
approx. 

2600-61 

0 

3844rO 


0 . ? 

2627-92 

8R 

38041-6 



2696-76 

6R 

37070-5 

“D,-G 3 


2730-45 

6u 

36613-2 

“Pi -0, 

0. 2730-51 

2767-88 

3 

36118-1 


T 

2780-52 

8R 

35953-9 

“D3-F, 


2798-74 

6u 

35719'8 

“D3-J, 

0. 2798-70. 

2803-53 

4 

35658'8 


T (Bi+) ? 

2809-64 

6R 

35581-4 



2864-0 

7U 

34905-8 

“Pi -M 3 

0. 2863-75. My 
measuremenb ap- 
proxmiate. 

2883-81 

lu 

34666 '2 


0. ? 

2892-91 

lu 

34557-1 



2897-99 

9R 

34496-6 

“D3-B1 

«»« 

2938-32 

9R 

340231 

“D3-H3 


2944-28 

0 

33954-3 


0. ; :? 

2989-05 

7R 

33445-8 


2993-36 

6R 

33397-6 



3024-67 

7R 

33062-0 

“D3-G3 


3035-18 

7u 

32937-5 

“P 3 -O 3 

G. 3034-91 

3067-73 

lOR 

32587-9 

X-At 


3076-69 

2R 

32493-0 



3093-58 

5u 

32315-7 

®Pi-L, 

T 

3144-6 

6Uj 

31791-4 

“D.-a, 

T 

3216-8 

lU 

31077-8 


T 

3239-73 

1 '5 

30887-9 

“P.-K 

T 

3267-97 

lu 

30591-2 

“Pr-K 

T 

3302 55 

1-6 

30270-9 

T 

3361-23 

-6 

29742-5 


T 
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air LA. 

Int. 

V vac. 

Olassifioation. 

Remaei 

3382-28 

1 

29557*4 


T 

3397-29 

5R 

29426-8 


0. 3397-21. 

3402-80 

3 

29379-2 

'Ds-O, 

T 

3406-63 

7u 

29354-7 

*Pi-R 

0. 3405-23 

3510-96 

6u 

28474-2 

‘D3-B, 

0. 3610-85. 

3519-18 

3 

28407-6 


T 

3596-11 

3R 

27799-9 



3599-94 

1 

27770-4 


T 

3619*37 

2 

27621-3 


T 

3775-76 

1 

26477-3 


... 

3887-94 

2 

25713-3 

‘P, -F-i 


3888-22 

2 

25711*4 

“P^, — F, 

« 0 » 

8912-90 

] 

25663-2 


0. ? 

4116-35 

'5 

24286-5 

• . • 

T 

4121-52 

6 

24256-1 

*F. -B, 


4121*84 

6 

24264-2 

’*P, — Bi 


4127-36 

-5u 

24221*8 

X I 4-11 

T 

4220-83 

2 

23685-3 


T 

4264-15 

1 

23499-9 

Ai -T 

?=2475. 

4260-06 

-5U 

23467-3 


T 

4308-17 ' 

4 

23205-2 

“P.-D, 


4308-53 

4 

23203-3 

‘Pi-D, 

«*• 

4492-61 

1 

22262-6 



4492-97 

1 

22260-8 

] Pi-B» 


4615-16 

1 

21661-7 

\ ^ 


4615-60 

1 

21659-6 



4692-32 

lu 

! 21305-5 

Ai tp 


4716-38 

1 

21197-8 


0 

CD 

II 

4722-19 

10 

21170-7 

1 T 


4722-54 

10 

21169-1 

h “D.-A. 

1 - 

4722-83 i 

10 

21167-8 

J 

J 

4728-96 

1 

21140-4 


T 

4733-78 

2r 

21II8-9 



5298 -36 

lu 

I8868-5 



5552-23 

7r 

18005*8 



5599-41 

3 

17854*1 

’P, -I. 



6718-81 

6742-69 


2 

3r 


17481-3 

17408*9 
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A air LA. 

Int. 

if vac. 

Classification 

Remaeks. 

G134'86 

2 

16295-8 

“P.-H, 


6184-99 

2U 

16163-7 



6364-76 

lu 

16707-2 


i , ■ 

6475-73 

3 

16438-0 

1 ®n 


6476-24 

3 

16436-8 



6991-12 

4u 

14299-9 



7036-15 

2 

14208-4 



7335-01 

1 

13629-5 



7441-26 

lu 

13434-9 



7502-33 

2 

13326-5 



7838-70 

3 

12753-7 



7840-38 

2 

12751-1 

“P.-B, 


8210'83 

16 

12175-7 


«=2475 

8501-8 

lU 

11759-0 



8544-54 

2 

11700-2 



8579 74 

1 

11652-2 

'P^-Ca 


8627-9 

lu 

11587-1 



8754-88 

2 

11419-1 



876r54 

3 

11410-4 



8907-81 

2 

11223-0 


?=2476. 

9058-62 

1 

11036-2 



9342 60 

lu 

10700-7 



9657-2 

300 

10362-1 



^Rowland* 

Int. 

V 

vac. 

Glassification. 

Remabks. 

9828-8 

20 

10171-4 

Bi-? 

?=2476. 

10106-1 

20 

9892-3 



10301-7 

15 

9704-5 



10540-2 

! 8 1 

9484-9 i 



11073-2 

25 

9028-4 1 


' '/'=4670. 

11555‘6 

6 

8661 -5 



ii7iri 

100 

8636-6 



11994-5 

13 

8334-9 



12166-5 

40 

8217-1 



12690-5 

30 

7877-8 ; 



14331-6 

26 

6975-7 

, 


22264-2 1 

7 

4432-6 

1 

v^=4670. 
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Theoeetical Gonsidebations. 

Bismuth belongs to the group of five- valence electrons 
(N, P, As, Sb), and it may he recalled that the spectra of 
none of these elements have been completely elucidated. 
Fowler^ has classified the lines of 0 ■*" but he could not trace 
the fundamental levels. Millikan and Bowen* have dis- 
covered some of the fundamental levels of 0 in the 
extreme ultra-violet, but the mutual relation of the inter- 
combination systems has not yet been completely established, 
A discussion of the structure of the spectrum of 0 + from 
the standpoint of Hund’s theory has been given by R. H. 
Fowler and D. Hartree.^ 


Electron Composition of Bismuth. 
2K 8L 18 M 

01 0, 

2 6 

P. 

2 


R, 

For detailed explanation, see a paper by Kichlu and 
Saha “ On the Explanation of Anomalous Terms in The 
Spectra of Two-valence Elements (Phil Mag., July, 
1927). 

The letters K, L, M, denote the X-Ray levels, and the 
numbers under them represent the number of electrons in 
the level. Possible transitions giving rise to the line spectra 
are indicated by arrows. 


■ A. Fowler, P. R. S. (Loud ), A. Vol. 110, p. 476 (1926). 
* Millikan and Bowen, Nature. September, 19-26, p. 410. 

® R. H, Fowler and D. Hartree, P. R. S. (Lond.), A. Ill, 
83 (1926). 

For Nitrogen see Keiss, Jour. Opt. Soo. Amm, July, 1925. 
For Phosphorus, Miss Salfcmarsh, Phil. Mag., Vol. XLVII, 
874 (1924). 
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The combinations and the expected terms are given 
belo'W : — 



etc. 


indicates that all the 3-valence 
electrons are at Pi-level. 2 P 2 Q 1 indicates that one has 
gone over to Qi, etc. The terms arising from any com- 
bination according to the theory of structure of complex 
spectra, are shown below that combination. Attention is 
drawn to the fact that in the symbols 3Pi , 2PiQ,, 2 PiP 3 , 
etc., P indicates the particular shell in the atom num- 
bered according to the convention, K, L, M, . . . . But 
*Pi , I, etc. in the brackets indicate spectral terms having 
P-characteristics. The confusion is regretted, but is un- 
avoidable. 

Bismuth being a heavy element will show abnormally 
wide separations in the values of the terms arising from the 
the same electronic combination. I have, therefore, started 
with the theoretical spectrum of Bi+ of which the fundamental 
levels are ®Po,i,i, , ‘So . To calculate the terms 
of Bi, I have taken each one of these optical levels, and 
brought a fresh electron to each of the outer levels, and 
calculated the possible orbits. This is shown in Chart I 
and then the range in value of the terms are discussed 
below, and their identification is carried out in Table 11. 
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CHART I 


Oombiuation. 

i 

i 

i 

1 

s 

<D 

0 

S 15 

a t 

0 1 -^ 

CZ) ' 

Lande’s 
J- value. 

Term. 

Ideiiti- 
fie at ion. 

2P,Q. 

(=Po) °s,;. 

1/2 

1 

^Pi 

■ 


(^Po) “Si/, 

1/2 

1 

“Pi 

Bi 



3/2 

2 

■^p. 

D. 


(“PJ “S,/, 

3/2 

■ 2 

1 

1 ' 2 . 

H, 



6/2 

3 

“P3 

G 3 

2P.P. 

(=P„) “D,/,,,/. 

3/2 

2 

X, 

B, 



5/2 

8 

X 3 

0 , 


TP.) ”D3/„W. 

1/2 

i 

1 





3/2 

2 


I. 



5/2 

3 


Ja 



3/2 

2 





6/2 

3 





7/2 

4 




( Pa) 2^3/255/2 

1/2 

1 





3/2 

2 

, ' I 




5/2 

3 





7/2 

4 





1/2 

1 





3/2 

2 





6/2 

3 





7/2 

4 





9/2 

6 


j 
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THE ARC SPBOTRtrM OR BISMUTH ^ 

(a) The B'widamental levels. 

Five fundamental levels'are expected '*8,, ‘P,,*. 

It is natural to identify them with the levels discovered by 
Kayser and Runge, but several discrepancies have to be 
removed. 

A glance at the Table II shows that the first two levels 
have the same combinatory powers up to the sub-level denoted 
by J. The only discrepancy was in the level E. There are 
two close lines x,2177'22 and x2 176' 62, and, according to 
Ruark, etc., it is the shorter line which is the more intense and 
easily absorbed. But my measurements show that the longer 
line x2176‘22 is the more intense and is always obtained in 
absorption, while the line x2176’61 appear very faintly on 
one plate only. With this correction, E fits in w'ell under 
Doth levels. 

Beyond this level the lines which arise from combina- 
tion with 'Sj fall in the Schumann region. Bloch has given 
data for this region, but they do not seem to be reliable. 

The third level has the j -value 3, for it gives fewer 
combinations. I have specially looked for the lines — E 

and “Pr— C, but they are definitely absent. 

The close levels “Pi, having the separation I'Ql, have 
probably the same inner quantum number 1, and differ only 
in the “ fine quantum number ” introduced by Ruark. ‘ 

I have provisionally identified the fifth level "Ps with 

Ruark’s “ e-” This is a bit doubtful. 

ip) The next levels arise from the combinations. 

2P.Q,] 

2 P.P 3 J 

We have to identify these levels with the levels denoted 
by A, B, C, D, . . . . etc., and a mere glance at the 
chart shows that there is a wide divergence in the scale of 
values of these terms. We are here encountering terms of 

' : -i-: 'AEuai-k;i:Phib ^:Mag.,WoI.' 

Sommerfeld, Three Lectures on Atomic Theories, page 12. 
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the displaced Tj'pe ” first discovered by Pasohen’ in the 
spectrum of hieon, and since confirmed by Grrotrian* and Sur ® 
in the spectrum of Pb. We shall take the discussion of this 
point in detail. 

The fundamental terms of Bi+ are given by the com- 
bination "Pa giving us the terms 
^Po, “P,, ^Pa, ’.Da, ‘So 
similiar to those of lead. In the case of Pb, 

“Po-^P, = 7,817. 

*P,- ^Pa = 2,831. 

In the case of Bi+ we assume that 
“Po- ’P, = 16,000. 

■’P,- I’Pa = 6,000. 

When we form Bi by bringing another electron, either 
in position Qi or in Ps, it is comparatively lightly coupled to 
the inner electrons. We can classify the new terms from 
2 P2 Qi, and (2P2) Ps in three groups, viz., (1) from ®Po-state; 
(2) from ® Pi-state ; (3) from ^Pa-state of Bi+ ; and w^e 
expect that these groups are approximately separated by the 
values ®Po — *Pi, — ®Pi. These three groups are 
shown in the tabulated form in Chart I. 

In calculating the resuitani j-values, we have assigned 
the Sommerfeld j-values to each term. This is shown in 
column 2, In column 3, the convential or Lande j-values 
are given. This is Sommerfeld’s j-f |. 

It will be seen that we get three terms from "Po-level. 
viz., ‘‘Pi, X2 andXs. In analogy with Pb, since ‘‘Pi 
arises from the electron configuration 2 PsQi we may assign 

to *Pi the approximate value and to X2X3 the 

value ^ (2P„P3). We have therefore no difficulty in identi- 
fying ^Pi, X , Xs with A, B and C respectively. 

’ Paschen, Ann, der Phy., Vols. 60 and 63. 

■’.Grotrian, Zeit. f. Phy., ;Vp].„3b. 

® Sur, Phil. Mag. (on the Spectrum of Pb. to be published); 
Meissner, Zeit. f. Phy., Vol. 38, page 647. 
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The (®Pi) terms will be less than (*Po ) or *Pi by 
about 16,000. Hence we may identify these as : — 

D=^'P, and B=‘P,. 

The (®PifD-ternis will be very small or may be even 
negative. 

The terms arising from CP^) can be easily identi- 
fied with Gr and H. The inner quantum numbers are in 
perfect agreement. 

These identifications leave out the term F with j = 1, and 
Thorsen is therefore justified in identifying it as the higher 
Rydberg number of A, «.e., 2 P 2 Ri. 

In Table III we give lines which probably form a 
Rydberg sequence. 


Table III. 




*D.. 

■ ' A...| 



32587-9 

3067-73 

21169-1 

4722-54 

. 


X, 

47372-4 

2110-26 

35953-8 

2780-53 

25713-3 

3887-94 

14208-4 

7036-15 


52252- 

1909-6 

40832-3 

2448-30 

30591-2 

3267-97 

... 


The lines under the heading are given by the Hicks’s 
formula: — 

N 


V=47,143- 
m = 2, 3, 4 


+ -28143— 


m 
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Thorsen gives ’Da =47323. It is due to the fact that he 
gave the third row incorrectly. The line x,3267 97 predicted 
by Thorsen appeared on my plates. The first line of the 
third row is given hy Thorsen as xl913 fi. Dr. Snr has 
always got the line xl909-6 in absorption and as this fits in 
the scheme there is no doubt that this is the line looked for. 
I have been unable to identify the higher numbers pre- 
dicted by Thorsen, or numbers arising from my formula. 
The terms arising from ( *Po ) in the electron 

configurations 2 Pa (Pg ), 2 P 3 (Qg ), 2 P 2 ( Rg ), will form 
a regular Rydberg sequence. The lines provisionally identi- 
fied are given below. 

Table IV. 




’Dg 

‘Dg 

I ’Pi 

®P 

■^2 


43912'0 

32493-2 

28475-0 

1 22252-6 

... 


2276-57 

3076-67 

3510-85 

4492*61 



51017'3 

39599-6 

35581-5 

29358-2 

17854-1 


1959‘48 

2524-52 

2809-63 

3405-63 

5699-41 


(53975) 

42556-6 

2349-10 

38538-6 

2594'03 

32315'7 

3093-68 

(20810) 


The three lines under can be represented by the 

formula 

1^=43,314- 
m=S, 4, 6. 

It is seen that the limits calculated from both the sets 
come almost to the same value. 


N 


m- 


•08069- 


'69766 

m 


) 
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Table Y shows the lines which form a regular Rydberg 
sequence with terms X 3 arising out of the combination 

" P 0 


Tablet. 



"S, 


’“D 3 

“Pi 

Term 

value. 


44816-4 

2230-64 

33397-6 

2993-36 

29379-2 

3402-80(3) 


13746 

T 3 

61163-2 

195389 

39738-7 

2515-68 

36719-8 

2798-74 

( 6 u) 


7406 


(54032) 

42614-3 

2345-91 (5u) 

(38896) 

••• ■■■„ 

4529 


The lines under “D* may be easily grouped under a 
Rydberg sequence. The last term is a bit doubtful. 

No regular Rydberg sequence except these three are 
expected. The terms arising out of “P, or "R, will 
form regular sequences if 16,000 and 6,000 approximately 
are added to them. Hence all the terms after the first 
will become very small or negative. Unless the spectrum 
is investigated in the Flourite region, it will be difficult to 
identify them. 

Lines occurring as the result of inter-combination be- 
tween the states 2Pa P, , 2P2 Q and 2P2 , 2 Pa Qi, 

have been looked for from the existing data, but only the 
following have been found : 


X 

4254-15 

8210-83 

8907-81 

9828-8 


, ^ 

23499-9 

12175-7 

11223-0 

1017r4 


A, -2475 
B 3 -2475 
D3-2475 
E,-2475 
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The above was found by Ruark and others ; in addi- 
tion to this I find the one given below : 

X V 

4692-32 21305-5 A, -4670 

1107-32 9028-4 Dv-4670 

22254-2 4432-6 H,-4670 

It seems that the existing data is not sufficient to 
establish the inter-combination terms and hence the 
region a.4800 — a8000 is now being investigated. 

In conclusion I wish to thank Prof. M. N. Saha 
under whose direction and guidance this investigation has 
been carried on. I am also much obliged to Dr. N. K. 
Sur for his supplying me with some of his unpublished 
data on Bismuth under-water spark and absorption spectra of 
Bismuth. 



MEASUREMENT OF CAPACITY AND HIGH 
RESISTANCE BY MEANS OF A 
THERMIONIC VALVE 


BY 

G. R. TOSHNIWAL, M.So., 

Research Scholar, Allahabad University, Allahahad. 

INTRODUCTION. 

The use of thermionic valve, an instrument found in 
every physical laboratory nowadays, is confined not only 
to “Radio,” but of late has largely been extended to the 
measurements of voltage and capacity. John Scott Taggart’ 
and several others using heterodyne methods, while Karolus 
and Prince, “ Gorbatscheff® and Dowling* using other 
methods, were not successful in measuring capacities of 
the order of a few cms., although they succeeded in measur- 
ing small changes in capacity. Further these methods 
were not so simple and handy as the one now described. 
The quadrant electrometer methods used by Mukerjee' 
and others are very elaborate and inconvenient. Bridge 
method recently developed by Hartshorn® may be quite 
handy, but different methods using entirely different 
principles and instruments provide greater convenience 
in the measurement of a quantity. 

‘ Taggart : Electrician, April (1019). 

* Karolus and Prince : Phys. Zeits., 22, 362 (1921). 

K. Gorbatsoheff : Phys, Zeits., 25, 485 (1924). 

* J. J. Dowling: Roy. Dub. Soo. Pro., 16, 175 (1920). 

‘ A. T. Mukerjee : Phil. Mag,, 38 (1919). 

* D, Hartshorn : Phy. Soo. Pro,, 86, 899 (1924). 

863 
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Dowling* made use of the cumulative grid, rectifi- 
cation property of the valve and found that the relation 
between capacity and galvanometer deflection was linear, 
but he too was obliged to use metallic screening to avoid 
unsteadiness of the galvanometer. The method now to 
be described dispenses altogether with screening and 
is capable of measuring capacities as low as 5 cms. 
within 1 p.c. with necessary precautions and suitable 
galvanometer. 

EXPERIMENTAL ARRANGEMENT. 

The arrangement used is shown schematically below. 



The figure given above is self-explanatory. K is a 
condenser which is charged as shown by the battery on 
the extreme left. The initial anode-filament current is 
balanced by a separate battery and a continuously variable 
resistance. The balancing resistance R should be much 
greater than the resistance of the microammeter M. A. 
The anode potential is such that with no grid bias, the 
zero grid line comes to the middle portion of the char- 
acteristic curve. K is then discharged through tlie grid- 
filament circuit, by connecting K to L as shown by the 
dotted line. Suitable value of the grid leak is chosen so 


* Dowling : Loo. oib. 
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that with the capacities to be measured the deflection in 
M. A. is not greater than the range of the instrument.. 
With these precautions the deflections for various values 
of K and grid leak were noted and graphs plotted. 


Charging Yoltage, 

Grid leak. 

Capacity. 

Deflection. 



‘5 eras. 

■ 14'" 

20 Volts. 

None. 

5*8 eras. 

15 



1 7 eras. 

16 



1 10 eras. 

20 



17*5 eras. 

31 



35 eras. 

V ^ 1 

: 61 


Charging 

Volts. 

Grid leak. 

Capacity. 

Deflection. 

10'2 

Lead pencil line 

35 cins. 

8-0 



70 

lfi-0 



116-6 ,, 

28-0 



175 „ 

■ 43’o. ■ 



233-3 „ 

67-5 



350 ,5 

■ 

88-6 

10-2 

6 Megohms 

300 eras. 

16’0 



450 „ 

24-5 



600 „ 

32-0 


1 

675 „ 

36 0 



900 „ 

48-5 

10-2 

*66 Megohm 

X 

o 

1 

7-5 



2 

14-0 



3 

21-0 


I 

4 

27-5 ' 



5 

34-5 



6 

41-0 



7 

480 



8 

55 ‘5 



9 

62-0 



10 

690 
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Taking a suitable condenser and varying the grid leak 
it was found that a linear relation existed between the 


grid leak resistance and the deflection. A typical set of 
readings with a corresponding graph is appended. 


Charging 

Volts. 

Oaptioity. •; Grid leak. 

. 1 ■ 

Defleotion,. 

10-2 

*048 P. ■ 1 X 10® ohms. 

16-0 


2 

SO’O 


i 3 

44‘5 


i 4 

57-0 


' 5 

70-5 


: '6 

I 83-0 


: 7 : ■ 

96 '6 



1 ^ 3 :'- 5 7 


E X JO® ohms. 
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DISCUSSION OF THE RESULTS. 

Leaving aside the 1st graph for very small capacities, 
it is evident that a linear relation exists between the capacity 
and the momentary deflection in the microammeter. F'rora 
the observations and otherwise too it is quite apparent that 
we are not dealing with amplification of the quantity of 
electricity actually discharged through the grid-filament 
circuit. When a certain quantity of electricity is discharged 
through this circuit, due to the capacity effect of the elec- 
trodes, the grid is momentarily charged to a certain voltage 
and we get a corresponding kick in the mieroummeter. The 
voltage thus applied to the grid then evidently depends upon 
the quantity of electricity discharged through grid-filament 
which in turn depends upon the grid leak. In the anode 
circuit we are also dealing with a momentary current, i.e., 
a quantity of electricity and hence it is to he expected that 
the deflections will be directly proportional to tfie capacity 
K in case a ballistic galvanometer is used. Using the latter 
instrument it was actually found to be the case. But the 
results given here are all those obtained by nsing the 
microammeter as it is certainly more handy and convenient 
to use. 

In the case of Graph I , a parallel plate condenser was used, 
and as it was not provided with a guard ring, the simple 

formula C:= does not rigidly Itold and is likely to 

introduce some curvature in tlm relation. This curvature can 
also be attributed to the fact that the cajaieity of connectiug 
wires, etc., becomes a considerable factor. But as we go on 
using higher and higher capacities, this curvature disappears 
and the relation becomes linear. 

The familiar equation connecting plate current, plat© 
potential and grid potential is 
lp~A (Ep+M E*). 

•**sIp*"Ag s E|f •*. {!) 
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The quantity of electricity discharged through the 
anode circuit is 


Q = f 8 Ip dt 



Assuming that the grid-filament resistance is infinite, the 
grid voltage at any instant is given by 

8 E, = E. e » 

where. E=the E. M. F. of the charging battery. 

C=Grid— Filament capacity. 

G=Grid= leak resistance. 

K= Capacity of the condenser. 

Hence, from (2) and (3) 

Q=A/4E / e ® dt. 

»A E (C-f K) Gt*. 

-AEKG/. 

whenC<<K. 

In conclusion I wish to thank Prof, M. N. Saha and 
Mr. S. E. Bhargava for their kindly help and interest shown 
throughout the progress of the work. 

ABSTKAGT. 

Charging a capacity by means of a suitable battery and 
discharging it through the grid-filament circuit, provided 
with a suitable grid -leak, it has been found possible to 
determine the value of a very small capacity, by noting the 
change in the anode current. By a similar process, values 
of high resistances have also been found out. 
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VISCOSITY OF SOLS IN PRESENCE OF 
ELECTROLYTES 

■ BIT . 

D. N. OHAKRAVARTI, M. N. OHAKRAVARTI and 
N. R. DHAR. 

In previous publications^ from those laboratories, 
it has . been shown that the viscosit}" of colloids decreases 
appreciably on the addition of small quantities of electro- 
lytes. Hence we have concluded that the increase of 
charge on a colloid is always associated with a decrease 
of the viscosity and the amount of hydration of a colloid. 
In our investigations with numerous sols we have always 
found that on the addition of small quantities of electrolytes, 
the viscosity becomes appreciably less. On the addition 
of further quantities of electrolytes the viscosity again 
increases and long before coagulation sets in, the viscosity 
of a sol in presence of an electrolyte is greater than 
that of the original sol. Moreover, we have shown that 
on dialysing sols of vanadium pentoxide, eerie hydroxide, 
etc., jellies could be obtained. We have explained all 
these observations on the view that the viscosity and 
hydration of a sol are greater, the less the amount of charge. 
Moreover, we have also shown that those ions which are 
highly adsorbed by a sol produce greater lowering in 
the viscosity than ions, which are not so highly adsorbed. 

The decrease in viscosity in the case of arsenioua 
sulphide in presence of KGl is about 3 % whilst in the 

’ J. Phys. Ghem. 29, 1566 (1925); 30, 1648 (1926); Zeit, 
anorg IT. alig. Ohem. 152, 393 (19^) ; KoH. Zeit. 42,124 (1927). 
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case of ferric hydroxide in presence of the same electrolyte 
the decrease of viscosity is r2 per cent ; this is because 
arsenious sulphide adsorbs more 01 ions than ferric hydro- 
xide can adsorb K ions. Consequently the charge on the sol 
of arsenious sulphide is increased to a greater extent than in 
the case of ferric hydroxide and hence the decrease in vis- 
cosity is more marked in the case of arsenious sulphide 
sol than in the case of ferric hydroxide sol. 

It is well-known that ferrocyanide ions are appreciably 
adsorbed by sols of prussian blue and copper ferrocyanide 
and hence in presence of potassium ferrocyanide these 
sols show more marked decrease in viscosity than in presence 
of other electrolytes. We have shown in previous papers 
that arsenious sulphide sOl is stabilised by HjS and 
iKaHS. From our experimental results it will be seen 
that arsenious sulphide in presence of NaHS shows 
greater decrease in viscosity than in presence of small 
quantities of other electrolytes. Similarly in presence of 
ferric chloride, hydrochloric acid, etc., there is more marked 
lowering of viscosity of a sol of ferric hydroxide than in 
presence of KOI. 

In this paper we are recording further experimental 
results in support of the above views. Moreover, we have 
been able to show mathematically that the surface of a 
colloid particle becomes less when the amount of charge on 
it is increased. 

EXPERIMENTAL RESULTS. 

Thorium hydroxide sol prepared in the cold by the 
hydrolysis of thorium nitrate. 
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Table I. 

Thorium hydroxide sol (cold) and KI. 

Concentration of the sol = 4* 25 gins, of ThO, per litre. 

Temp. 25® 

j Time of rise Time for fall Viscosity 

f Water 0'00894 

I'r r%r\ _ 


20 c.c. 

sol and 






5 0.0. 

water 

4 min. 

53 sec. 

10 min. 

5 sec. 

O'COOlo 

20 c.c. 

sol ami 






5 c.c. 

M/500 KI 

4 „ 

52 „ 

10 „ 

4 „ 

0-009 12 

20 c.c. 

sol and 






5 c.c. 

N/200 KI 

4 .. 

51 ,, 

10 „ 

0 „ 

0-00911 

20 c.c. 

soi and 






5 0,0. 

N/lOl) KI 

4 

51 

10 „ 

0 „ 

0‘00911 

20 c.c. 

sol and 






,5 .c.c. 

N/50 KI 

4 „ 

52 ,, 

10 .. 

11 

000915 

20 c.c. 

sol and 






5 c.c. 

N/IO KI 

5 !! 

5 „ 

10 „ 

24 .. 

0-00949 

20 c.c. 

sol and 






5 0.0, 

N/1 KI 

5 jj 

20 „ 

10 „ 

42 

0‘00989 


Table IT. 

Thorium hydroxide (cold) and Th (X0j4 
Concentration of the sol=4‘25 gms. of ThOa per litre. 


Temp. 25'' 


Water 



0'(H1894 

Sol and water 

20 0 . 0 . sol and 



0-00915 

5 c.c. M|100 
Th (NO,).. 

4 min. 53 sec. 

10 min. 4 s 

eo. 0-00914 

20 c G. sol and 




5 c.c. M/50 

Th (NO.,), 

4 JJ 51 j! 

9 57 

0'00906 

20 c.c. sol and 




5 0.0. M/2‘5 

Th (NO,). 

5 „ 22' „ 

10 „ 22 

0-00985 


U 
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Thorium hydroxide sol was also obtained by boiling 
Thorium nitrate solution and dialysing it. 


Table III. 

Thorium hydroxide (hot) sol and KI. 

Concentration of the sol =4*82 gms. per litre. 

Temp. 25* 

Difpebbnt tiscosity tube “B” 


Water 
20 0.0, 

sol and 

4 

min. 

36 

sec. 

] 1 min. 10 

sec* 

0'00894 

5 0.0. 
2 ) 0.0. 

water 
sol and 

4 

»> 

42 


11 


17 

JJ 

000910 

5 0 0. 
20 0.0. 

N/500 Kl 
sol and 

4 

jj 

41 


11 

JJ 

15 

JJ 

0 00908 

5 0.0. 
20 0.0. 

N/lOO KI 
sol and 

4 

n 

39 


11 

JJ 

14 

JJ 

0-00906 

5 0.0. 
20 0.0, 

N/50 KI 
sol and 

4 

n 

39 

■!> 

11 

JJ 

12 

jt 

0-00905 

5 0.0. 
20 0.0. 

N/10 KI 
sol and 

4 


56 


12 

JJ 

12 

JJ 

0-00964 

5 0.0. 

N/5 KI 

5 


27 

n 

12 

J.J 

24 

ti 

0-01015 


Table IV. 

Thorium hydroxide (hot) sol and Th (NOj)*. 
Concentration of the 8ol=4'82 gms. of ThO j per litre. 

Temp. 25* 

Viscosity TUBE “B ” 

Water 0'00894 

20 0 . 0, sol and 

5 c. c. water 4 min. 42 seo. 11 rain. 17 sec. O'OOOlO 
20 0 . 0 . sol and 
5 0. 0 . M/500 

ThfNOJ, 4 „ 41 „ 11 „ 14 „ O'OOOlO 

20 c. 0 . sol and 

5 0. 0. M/ 

ThlOOCNO,)^ 4 ., 38 „ 11 12 ,, 0'00899 

20 0. 0. sol and 

6 0. 0. M/50 

Th (No.,)* 4 „ 41 ,, 11 14 0-0090S 

20 0 . c. sol and 
5 0 . 0 . M/2 5 

12 „ 11 „ 23 


0'00979 
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Table V. 

Ceric hydroxide sol (hot) and KCl. 

50 gms. of ceric ammonium nitrate dissolved in 250 c. c. 
of water and the solution was boiled over a direct flame for 
about 15 minutes. The sol was then dialysed for 7 days. 
The concentration^of the 8ol=13'18 gms. of CeO, per litre. 

Temp. 25* 

Water 0X0894 

20 c. 0 . sol and 

5 0. 0 . water 4 min. 56 sec. 9 min. 57 sec. 0*00918 

20 c. c. soi and 

5 c. 0 . N/500K01 4 „ 52 „ 9 „ 55 „ 0 00907 

20 0. c. sol and 

5 c. 0 . N/IOOKCI 4 „ 53 9 „ 56 „ 0'00910 

20 c. 0. so! and 

6 c. e. N/50 KOI 4 „ 55 ,, 10 „ 0 0'009l8 

20 0. c, sol and 

5 c. o. N/20 m 5 „ 3 „ 10 „ 7 „ 0-00936 

^5 o’ 0 .' N/10 KOI 5 „ 14 „ 10 86 „ 0*00974 


Table VI. 

Ceric hydroxide (hot) sol and HCl. 

(Above sample of the sol.) 

Temp. 25° 

Water 0 00894 

20 0 . c. sol and 

5 0. 0 . water 4 min. 56 see. 9 min. 57 sec, 0 00918 

20 c. 0. sol and 

5 c. c. K/500 HOI 4 „ 59 „ 9 „ 59 „ 0 00924 

20 0. c. sol and 

5 c. 0 . N/200 HOi 4 „ 54 „ 9 „ 55 „ 0‘00907 

20 c. 0. sol and 

5 0. 0. N/lOO HOI 5 „ 4 „ 10 » 17 „ 0 00943 

20 0 0. sol and 

5 o. 0 . N/50 HOI 5 „ 9 „ 10 „ 25 ,, (.rOOOSS 

20 0. 0. sol and 

5 c. 0 . N/IO HOI 5 „ 22 „ 10 „ 54 „ 0-00999 
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Merck’s pure sodium tungstate was decomposed with 
equivalent amounts of HCl at the ordinary temperature and 
was dialysed : 

Table VII. 

Tungstic acid sol and KCl. 

Concentration of the sol = 3 ’08 gras, per litre. 

(Different viscosity tubes used in the following experiments.) 

Temp. 25“ 

Water 0-00894 

20 0 . 0 . sol and 

5 0. 0. water 4 min. 57 sec. 10 min. 27 sec. 0'00934 

20 0. 0. sol and 

5 c. O.N/500 K01 4 „ 54 ,, 10 „ 27 „ 0-00927 

20 0 . 0. sol and 

.5 c. c.N/lOOKOl 4 „ 54 „ 10 „ 26 „ 0-00926 

20 0 . 0. sol and 

5 0. 0. N/50KC1 4 „ 53 „ 10 „ 25 „ 0-00924 

20 0, 0 . sol and 

5 0 . c. N/10 KOI 4 „ .52 „ 10 „ 25 „ 0-00923 

20 0. 0. sol and 

5 c. c. N/2 KOI 4 „ 58 „ 10 „ 34 „ 0-00939 


Table VIII. 

Benzopurpurin and KOI. 

Concentration of the dye=7'02 gms. per litre. 

Temp. 25“ 

Water 0-00894 

20 c. 0 . dye and 

5 c. 0 . water 4 min. 57 sec. 10 min. 15 sec. 0*00926 

20 0 , c. dye and 

5 0. 0. N/.500 KOI 4 „ 57 „ 10 „ 15 „ 0-00926 

20 c. 0 . dye and 

5 0. 0. N/lOO KOI 4 „ 57 „ 10 „ 14 „ 0-00925 

20o. 0. dyeand 

5 0. 0. N/.50 KOI 4 „ 55 „ 10 „ 0 „ 0-00916 

20 c. 0 . dye and 

5 c 0 . N/20 KOI 4 „ 57 „ 10 „ 5 „ 0 00923 

20 c, 0 . dj'e and 

5 c. c. N/IO KOI 5 „ 3 „ 10 „ 8 „ 0-00941 

20 0. G. dye and 

5 0. 0. N/1 KOI 5 „ 20 „ 11 „ 23 „ Q-OIOIO 
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Table IX. 

Benzopurpurin and HCI. 


(The above solution of the dye.) 









Temp. 25" 

Water 






0-00894 

20 c. 

c. 

dye and 





sec. 0'00926 

5 0. 

0. 

water 

4 min. 

57 

see. 10 min. 

15 

20 c. 

0/ 

dye and 






5 0. 

0. 

N/1000 HG! 

4 „ 

5.5 

„ 10 

10 

„ 000921 

20 0. 

0. 

dye and 






5 0. 

0. 

N/500 HGl 

4 „ 

52 

„ 10 „ 

7 

„ 0-00913 

20 0. 

0. 

dye and 






5 c. 

0. 

N/lOO HCI 

4 

52 

!! 10 }. 

4 

000911 


Hydrochloric acid was found to have a dissolving action 
on the sol. 

Table X. 

Silicic acid was obtained by the decomposition of SiCH 
by water and dialysing it for about a month. 

Silicic Acid sol and KOI. 

Concentration of the sol =* 12'075 gins, of SiOi per litre. 


Temp 80“ 


Water 

20' 0 . c. sol and 

5 c 0 . Water 

4 min. 12 

see. 

7 

min. 11 

see. 

0-00803 

0‘00854 

20 c. 
5 c. 

c. sol and 

0. N/500 KOI 

4 

■ ff 

11 

5? 

7 


9 


0-C0S52 

20 c. 
5 c. 

c. sol and 
c. N/lOO KOI 

4 


9 


7 


8 

I'll' 

0 00850 

20 c. 
5 c. 

0. .sol and 

c. N/.50 KOI 

4 

JJ 

22 

n ■ : 

7 

n 

22 


000883 

20 0. 
5 c. 

c. .sol and 

0. N/10 KOI 

4 

■n 

29 

it, ■ 

7 

n 

45 

?? 

000915 

20 c. 
5 c. 

c. sol and 

0. N|5 KOI 

4 

ff ■ 

43 

■■ -jj ■ 

8 

.S5 ■ 

6 

0'00960 

20 0. 
.5 c. 

0. sol and 
c N/i KOI 

4 

J?' 

27 

n ■ 

7 

1? 

44 


0‘00910 

20 0. 
5 0. 

c snl and 

0. 160 NKCl 

4 

■ Jf ■: 

14 

n 

7 

' :»■ 

27 

ff 

000870 
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Table XI. 

Silicic Acid sol and HOI. 


Concentration of the sol 12'075 gms. of SiOi per litre. 


Water 

20 0. 0. sol and 

5 c. 0. water 

4 min. 19 see. 

7 min. 

Temp. 30* 
0-00803 

38 sec. 0-00888 

20 c. 0. soi and 

5 c. 0. N/2000 HOI 

4 

?? 

18 

3> 

7 

77 

38 

If 

0*00886 

20 c. 0. sol and 

5 c. 0. N/IOOO HOI 

4 

)> 

17 

>» 

7 

17 

33 

7) 

0-00884 

20 0. 0. sol and 

5 c. 0. N/oOO HOi 

5 

J> 

36 


8 

71 

38 

77 

0 01092 

20 c. c, sol and 

5 0. 0. N/iOO HOI 

5 

JJ 

43 

J? 

8 

71 

39 

71 

0-01109 

20 c. 0. so] and 

5 0. 0. N/oO HOI 

5 

5? 

5 

3) 

8 


23 

7 } 

001020 

20 c. c. sol and 

5 G. 0. N/IO HOI 

4 


44 

7J 

8 

11 

4 

77 

0-00961 

2 ' 0. 0. sol and 

5 0. c. N/1 HOI 

4 


30 

17 

7 

17 

52 

71 

0-00922 


Table XII. 

Oelatin supplied by Kahlbaum (Q-old druck). 
One per cent Grelatin solution and NaOH. — 
With O'l c. c. of toluene. 

ViSCOSITX TUBE “C.’’’ 


Temp. 30' 

Water ’ O'OoSOS 

20 c. 0. sol and 


5 0 . 0 , water 5 min. 25 sec. 

20 c. c. sol and 

9 min. 22 

sec. 

001106 

5 0. 0 . N/lQOONaOH 5 
20 0. 0. sol and 

77 

25 

77 

9 

77 

17 

11 

0-01102 

5 c. 0. N/500 NaOH .5 
20 0. 0. sol and 

17 

32 

77 

9 

77 

33 

.,17 

0-01127 

5 c. 0 . N/lOO NaOH 6 
20 0. 0. sol and 

11 

20 

17 

10 

77 

59 

: 37 

001294 

5 c. 0 . N/50 NaOH 7 
20 0 . c. sol and 

17 

1 

77 

12 

77 

7 

71 

0-01431 

5 0 . 0 . N/10 NaOH 6 
20 0. 0. sol and 

71 

24 

77 

10 

17 

53 

If 

0-01298 

5 c 0. N/2-84 NaOH 5 
20 0 0 . sol and 

>?■ , 

34 

77 

9 

,7? 

30 

■'If 

001128 

5 0. 0. N NaOH 5 

'JK ■ 

20 

77 

9 

If'/ 

17 

If 

0-01099 
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Table XIII. 

One per cent gelatin and KOI. 

W^ith 0 1 c, c. of toluene in 500 c. c. of the solution. 
Freshly prepared gelatin solution. 
Viscosity tube “ 0. ” 


Water 







Temp. .80° 

29-3-27. 

20 0 . 0 . sol and 








0 00803 

5 o; 0 . water 

20 0/ 0 . sol and 

4 min. 50 

sec. 

8 min, 17 

sec. 

0'00983 

5 0. 0. N/lOOOKOl 
20 0. 0. sol and 

4 

00 

>7 

8 

V' 

18 

33 

0-00982 

5 c. c. N/5U0 KCi 
20 0. c. sol and 

4 

» 49 


8 

3 ? 

21 

33 

0-00984 

0 0. 0. N/lOO KOI 
30-3-27, 

4 

.) 50 


8 

3J 

22 

33 

000985 

20 c. 0 . sol and 

5 0 . 0 , water 

20 0. 0 . sol and 

4 

00 

J.J 

9 

3 ? 

18 

3.3 

0-0104.8 

i> 0. 0. N/50 KOi 

20 c 0 . sol and 

4 

„ 57 

75 

9 

33 

15 

13 

0-01040 

5 c, 0. N/23 KOI 

20 c. 0 . sol and 

4 

„ 5S 


9 

33 

28 

33 

001047 

5 0. c. N/5 KOI 

5 

» 17 

JJ 

9 

33 

41 

33 

0-01346 


Table XIV, 

One per cent Gelatin solution and HCi. 

In order toavoidputrefactioaO-l 0 . 0 . of pure toluene 

Wscosixr mBK - a - '■ 

Water 

20 0 , 0 , sol and 
6 c. 0 . water 
20 G. c. sol and 
5 0. 0, N/1000 HCI. 

20 0 . c. sol and 
5 c. 0. N/200 HOI 
20 0 , 0 , sol and 
5 e. 0. N/lOO HOI 
20 0 . 0. sol and 
5 0, 0. N/SO HOI 
20 0 , c. sol and 
5 0. c. N/10 HCI 
20 c, c. sol and 


4 

min. 2 .sec. 

6 mill. 

31 

Temp. 30° 
sec. O’OO.'^O.'l 

5 

33 

25 „ 

9 

3? 

21 

- 0-01IO.‘) 

5- 

3,3 

SO:;':,, 

9 

33 

1.0 

0-01085 

5 

3? 

.85 „ 

9 

>3 

26 

M 0-0II30 

6 

33 

10 

JO 

n 

31 

0'01252 

7 

V 

12 .V 

12 

. J3 

33 

■ t 0*01475 

7 

■ff 

31 V 

12 

. f3- 

53 

rt 0-01530 

5 

-if . 

.6 : 

8 

33 1 

38 

H 0-01059 
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Table XV. 

One per cent gelatin solution and BaClj. 

With O'l c. c. of toluene in 500 c. c. of the solution. 
Viscosity tube “ C. ” 


W ater 

31-8^27. 

20 c. 0 . sol and 

5 c. c. water 

4 min. 

59 see. 

Temp. 30* 

o-coao3 

9 mm. 33 see. 0 01055 

20 c. 0. sol and 

5 0 . c. N/lOOOBaCl, 

4 


58 


9 

34 

3 ? 

0‘01055 

20 c. 0 . sol and 

5 c. 0 . N/.500 BaOlj 

4 

JJ 

56 


9 

„ 28 

5J 

0‘01045 

20 0 . 0 sol and 

5 0 . 0 . N/lOO BaOi, 

3 

?? 

1 


9 

» 35 

3? 

0-01062 

1-4.2T. 

20 0 . 0 . sol and 

5 c. 0 . water 

4 

»♦ 

55 

V 

9 

» 22 

33 

0-01036 

20 c. c. sol and 

5 0 . c. N/50 Bad, 

5 


4 

9 

„ 32 

33 

0-01066 

20 c, c, sol and 

5 0. 0 . N/10 BaOlg 

5 

jj 

17 


9 

,, 47 

33 

0-01109 


With all the above sols, experimental results show 
that in presence of small quantities of electrolytes the 
viscosity is decreased because of an increase in the charge 
on the sol. Results with thorium hydroxide show that 
in presence of thorium nitrate, the lowering of viscosity 
is greater than in presence of potassium iodide. This 
is certainly due to the fact that in presence of thorium 
nitrate the sol adsorbs thorium ion and the charge is 
increased to a greater extent than with potassium iodide. 

The viscosity measurements with silicic acid sols in 
presence of eleetro^des show that there is a very slight 
initial decrease, after this small decrease of viscosity it 
becomes greater than that of the original sol, and this 
increase in viscosity continues up to a limiting value 
when it begins to diminish again. These results can be 
explained from the following considei*ations : — The silicic 
acid sol prepared by us could not be coagulated by HCI 
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or KCl. We are of the opinion that in presence of increas- 
ing- quantities of KCl or HOl the charge at first is slightly 
increased by the adsorption of ions carrying the same 
charge as the sob With increasing quantities of elec- 
trolytes the charge becomes smaller and along with it 
the viscosity and hydration go on increasing. On increasing 
the concentration of the electrolyte further, it seems likely that 
there is a reversal of charge. Consequently there is a de- 
crease in the viscosity. The experimental results obtained 
with gelatin are very interesting. In pi-esenoe of small quan- 
tities of HCl, NaOH, KCl and Bad, there is always a slight 
initial decrease in viscosity, due to a slight increase in 
charge- When the concentration of the electrolytes is 
increased, the viscosity goes on increasing with the con- 
centration in the cases of KC! and BaCi, ; but in presence 
of NaOH and HCl with increasing concentrations of these 
substances the viscosity goes on increasing up to a limiting 
value and then it decreases. We are of the opinion that in 
presence of KCl and BaCl, the electric charge becomes less 
and less and hence the hydration and viscosity go on increas- 
ing, but with NaOH and HCl when the concentration of 
these substances is large, it seems likely that gelatin 
becomes really dissolved and hence the volume of the 
dispersed phase becomes less and the viscosity decreases. 

THEORETICAL RESULTS. 

We shall prove mathematically that the increase 
in the charge on the colloid particles leads to a decrease 
in the surface of the particles and consequently the amount 
of hydration is also decreased. 

The assumptions that we have made in the mathemati- 
cal treatment are : — 

(1) the particles of any colloid are generally ellip- 
soidal ; for due to the Brownian movement the form 

36 
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of the colloid particles cannot easily liaYe any corners, 
since collisions will tend to round up the edges. As a 
result of this moveraent we may expect that the parti- 
cles in general are likely to be ellipsoids and under ideal 
conditions, may be even spherical ; 

(2) the ellipsoids are imagined to be formed by 
revolution about the major axis ‘ a ’ and the minor axis ‘b.’ 

Starting with these assumptions let us calculate what 
will be the tendency of change of form of any particle 
if a positive charge is given to it, and to do so we will 
calculate the mechanical force along the major and any 
of the minor axes. 

It is well-known that in an ellipsoid the distribution 
of electric charge is such that the surface density ‘ cr ’ at 
any point is proportional to the perpendicular ‘ p ’ from 
the centre on the tangent plane at that point ; 

Ki. p= o- ... (i) 

Let ABC be an 
ellipsoid and the three 
axes be OX, OY and 
OZ; OX being the 
major axis (Fig. I). 

Gutting the ellipsoid in the plane of OY and OZ the 
cross-section will be a circle. If we imagine a slice PQ 
to be cut as shaded (in Fig. II) of thickness dz, then the 
slice will be an elliptic plate of 
thickness dz and the sides inclin- 
ed at an angle e equa l to POZ 
(Fig. II). The minor axis of 
this elliptic plate will be equal to 
b sin e and the major axis can 
be calculated from the equation 
of ellipse and will be a sin $ . 




Fig. 

I. 
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Let us consider the elliptic plate and calculate the force 
due to the electric charge given to it. This plate is of thick- 
ness dz and if we measure s along the edge then any element 
of area will be represented by 

dA=ds, dz ... ... (ii) 

.Now the mechanical force due to electric charge is 
27r (T dA. 

(where <r is the density of charge and dA is the area). 

Since the edges are inclined at an angle t> , the com- 
ponent of the mechanical force in the plane of the slice is 
clearly : — 

2jr 0 -’“. dA, sin 
Re solvi ng this 
along the minor axis, 
that is perpendicular 
to the axis of revolu- 
tion of the ellipsoid we 
get:— 

27r o-’’ dA. sin 5 sinoe ... ... (iii) 

where a is the angle which the normal at that point makes 
with major axis. Combining equation (iii) with (ii) we get : — 
2n- o-“, ds. dz. sin 6>. sin a ... (iv) 

Substituting the value of <r as 'given in equation (i) in 
equation (iv) we get the vertical component of the mechani- 
cal force : — 

2ff ATi* p^. ds. dz, sin <?. sin se 

=2b- K, ® .(/s sin oc sin G . (f.x 

=2*- ATj “ p^. dx . dz. sin e ... (y) 

If we represent «i, and i,, as the major and minor 
axes of the elliptic plate then (v) becomes 

9_ » a * b ^ 
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a* 5 * . dx 
a\—x^ (a* —5*) 


dx 

x^ial-b]) 


where is equal to (ga- Ki 
This is equal to 


^ V ai^ 1 . 


sin e. ds! 


sin 0 dz 




To find the vertical component of the force in the semi- 
ellipse RPS (Fig. Ill), we have to integrate the above 
expression (vii) limits of x lying between— a i and + Wi. 
We have the component equal to : — 


sin e ciz 


x=+a\ 


ai^ — b\ 


dx 

xy ai^ —bi" 


y ay —bi‘ 


-K^by sin e ds. log 


y a\ — b\ ^ 


L __ In “ 

^ ai^y ... 1 + V" 

^ a\ 

This is the total vertical component of the mechanical 
force due to the electric charge on the edges of the elliptic 
plate of thickness and the edges being inclined at an 
angle ( 9 . 

To find the vertical component of the force on the whole 
hemi-ellipsoidal surface we have to integrate the expression 
(viii) the limits of z lying between —b and +b (cf. Fig. II). 



VISCOSITt O! SOLS IN PRESENCE OP ELECTROLYTES 2'77 

We have the whole vertical componeEt on the surface EPS 
(Fig. III). 


I 

1 

It has been shown that »i=asin and hi~b sin 
where a and h are the major and minor axes of the ellipsoid 
and 0 the angle subtended by the semi-minor axis of the 
elliptic plate at the centre of the ellipsoid. 

Then the whole vertical component on the hemi-ellipsoid 
is equal to : — 





1+A/ 1 


sin e log 


1 


a/ ] 



In order to find the horizontal component of the 
mechanical forces on the half-ellipsoid out by the plane YOZ 
(Fig. I) we put a I for and for in the expression (vi) 
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then the horizontal component of the force on any element of 


' — Ax _ 

jj Sin ® . (Iz 


To find the horizontal component on the semi-ellipse 
PSQ (Fig. II) we have to integrate the above expression 
within limits of x lying between — bj and bj. The com- 
ponent therefore 




Sin ^ cfo 


x=—b 


z=Kaar‘ Sine.a'^ 


r _i 

a: 


aj^ — Z>j 


y «i Sj 


_ — * Sin 0 . 


t / ** 


ah'dz 


y 


SinVe . _ 1 


Since ai == a, Sin ^ and hO — b Sin B 
The whole horizontal component on the hemi-ellipsoici 
cut by the plane YOZ 


y?f? V:--y/ Sin-e... 


Since = bdO Sin 6 

== 2irg ^ ■ fan j 

■'■”5 ■ , f 

V a — ^ 


f Ih Sin * e . 
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ab' 


"iT,- 


\/ a —b 


T fansj X 


2/3 

a 0 


Putting K for 2 


b'^ '' 15 

8 


... (xi) 


V ^ ^ 


16 




we have the perpendicular force tending to increase the 
minor axis (from ix) of the ellipsoid 


1 + 


=i£:iog- 




A- 

a‘^ 

/ 1- 



(xii) 


and the lateral force tending to increase the major axis of 
the ellipsoid (from xi) 

=z 2.K (an /\/ fa — 1 ... ... ... (xiii) 

b 

The following table gives the perpendicular force along 
the minor axis and the lateral force along the major axis 

of the ellipsoid for different values of pr 


2 , 1 
■ a : 

Vertical force 

Lateral force i 

.Dillerence 

r'. i 

i 

1 

Eq. (xii) X k 

Bq. (xiii) X k ; 

X k 

root) 

O'OOO* 

(root) ; 

0-tXK» 

1-010 

1 0-202 

0-199 

0-003 

n2o 

1 0-ti92 

1-280 

0-013 

rsoo 

' 1 -297 

1 2-09.8 

0-01-17 

rsou 

rG08 

1-350 

0-252 

4-000 

; 2*631 

2-039 

0-53K 


1 

, 3142 

3-1 


* The absolute values will be finite since Attends (o but the 
two values, one of the vertical force and the otlier of lateral, will 
be equal to one anotlier. 
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If "we represent ^ along the X axis and the forces 

along the 1 axis we get the graph as shown, in which Curve I 
gives the vertical and Curve II the horizontal component ot 
force. 

It will he seen that Curve I always lies above Curve II. 

The same fact follows directly from expressions (xii) 

■ % ' ■ ■ 

and (xiii) by differentiating with respect to x, i.e., p- 


The inclination ^ of Curve I 

k </ X 

^ y x—i 


(xiv) 


and that of Curve II 


K 

X x—1 


(xv) 


Since is always greater than 1, the expression 

(xiv) is always greater than (xv). Since both curves cut on 
the X axis, ie., ij=0, Curve I should always be above the 
Curve II. (See page 283.) 

Thus we see that in an ellipsoid the force tending 
to increase the minor axis is much greater than the force 
tending to increase the major axis. Hence the ellipsoid 
will tend to become spherical when an increased charge 
is given to it. Due to rigidity of the particles of the 
colloid the volume remains very nearly the same so the 
surface tends to minimise because the sphere has the 
least surface for any particular volume, and along with 
it the hydration also decreases. This effect will be more 
pronounced, the greater the charge on the colloid particles. 
With decrease of hydration the viscosity decreases- Thus 
we see that the initial decrease of viscosity of a colloid 
by the addition of an electrolyte is due to the adsorption 
of the ion carrying the same charge as the colloid, and 
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this increased charge tends to round up the particles thus 
diminishing the free surface, hydration, and viscosity. 
When the amount of electrolyte is greater the charge is 
progressively neutralised and the reverse changes take 


I I I I I t I I r t I I [ I f t I I I I t I I I r t I 1 I I I f I i f f r I I I I M ill 
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It is well-kno'wn that the Einstein formula 
(l + 2-5e) 

assumes that (1) the particles of the colloid are rigid, (2) the 
number of particles is small, (3) the particles are large in 
comparison with the sphere of molecular attraction and (4) 
the particles are spherical. 

According to Einstein the viscosity of any sol Will 
depend upon the volume of the dispersed phase only ; in 
other words, the question of specificity will not arise but 
from our experience we know that the viscosity depends 
upon the nature of the sol. 

From our calculations given in the foregoing pages 
it will be clear that the lateral and the vertical forces 
nullify each other when the particles are spherical. In 
other words, when the colloid particles are spherical the 
increase in the charge should not affect the surface, 
hydration, and the viscosity of a colloid. However, from 
our experimental results with numerous sols we observe 
that there is always a change of viscosity with the 
change in the electric charge on the particles. Con- 
sequently it appears that the ideal case where the 
colloid particles are spherical, as has been assumed 
by Einstein, is hardly met with. Hence it follows that 
most colloids are more or less non-spherical, because 
usually there is a decrease of viscosity of a colloid on in- 
creasing the charge. It will be interesting to note in this 
connection that substances like vanadium pentoxide, 
gelatin, soaps, etc., which are known to form non-spherical 
particles, have high viscosity. In a recent communication 
we have shown that ceric hydroxide sol prepared in the 
cold has a high viscosity. It will be interesting to investi- 
gate whether this sol forms non-spherical particles or not. 
In a recent communication* Freundlich concluded that a 
sol of benzopurpurin consists of non-spherical particles. 

* Colloid Chemistry, Symposium, Vol. II, 1925, p. 46. 
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We have carefully determined the viscosity of this sol but 
our experimental results show that the viscosity is not high 
as compared to other sols. 

SUMMARY. 

(1) Viscosity measurements have been carried on with sols 
of thorium hydroxide prepared in the hot and ooicl conditions, 
ceric hydroxide prepared in the hot condition, tiingstic acid, beiizo- 
purpiirin, and silicic acid prepared in the hot and cold con- 
ditions in presence and in absence of different eieotrolytes. 

(2) With all the sols there is a decrease of visoosity on the 
addition of small quantities of electrolytes. With thorium hydroxide 
sol experimental results show that there is a greater lowering of 
yisGOsity in presence of thorium nitrate than in presence of potas- 
sium iodide, due to a greater increase of charge in case of thorium 
nitrate than in potassium iodide. 

(3) The viscosity of silicic acid after a sliglit fail goes on 
increasing up to a maximum limit, then it decreases with increasing 
concentration of the added electrolyte. An explanation of this 
peculiar behaviour has been advanced. 

(4) With gelatin (l%)in presence of KCl and BaOL the 
viscosity goes on increasing with increasing concentration of the 
electrolyte, but with XaOH and HCl with increasing concentrations 
of these substances the 'viscosity goes on increasing up to a limiting 
value and then it decreases. This peculiar behaviour lias also been 
explained. 

(5) It has been deduced mafciiematicaliy that when the charge 
on a colloid particle is inerease-d. ■the surface tends to heeoine less. 
Along with the decrease in the surface, the hydration and viscosity 
also diminish. This deduction iias b-aen eorroboraled by our experi- 
ment witli numerous sols. 




^iNC OXIDE AS A GENERAL SENSITISER 
FOR PHOTOCHEMICAL REACTIONS 

BY 

A. K. BHATTAOHARYA and N. R. DHAR. 

If a sj'^stem is not sensitive to light, it suffices at times 
to add to it a small quantity of another substance in order 
to make it sensitive to the action of rays absorbed by that 
substance ; this action is known as photochemical setmtisation 
and the substance, Avhich absorbs the light and provokes the 
reaction without apparently taking part in it, is called 
a sensitiser. 

There is a class of photo sensitisation in which a sys- 
tem which is chemically influenced by certain radiations 
is rendered sensitive to rays of another wave-length by a 
substance which absorbs these rays. Several years ago 
Weigert ( 1 ) showed that ozone which is decomposed by 
ultra-violet rays but not much by visible light is decomposed 
readily under the action of blue tight when mixed with 
chlorine. Similarly in a foregoing paper (2) we liave shown 
that the decomposition of Fehling's solution, Cupri- 
ammonium oxalate, Eder's mixture (HgC!,.) and (XH,),. 
(O 1 O 4 ), a mixture of mercuric chloride and a tartrate, etc., 
can be markediy accelerated by ferric or uranyl subs under 
tlu' influence of sunlight. -Moreover, (\isin. (,'hlorophyi! 
and several other substances have been used as stuisiti.sers. 

in a foiH'going paper we have explained [thoui sensitisa- 
tion from the point of view of the activation of molecules from 
the Franck-C'arro point of view. For e.xample, in the sensitisa- 
tion of the decomposition of ozone in presence of (dilorine, wo 
can assume that by the absorption of blue light, the chlorine 

molecules get activated and such chlorine molecules are 

S85 
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instrumental in bringing about the decomposition of ozone 
or the photochemical combination of hydrogen and oxygen 
in sunlight as observed by Norrish. Similarly, by the 
absorption of visible light, a molecule of chlorophyll is 
activated and this active molecule induces the chemical 
change between carbon dioxide and water-vapour in plants. 

In this investigation we have carried on numerous 
experiments with several photochemical reactions in pre- 
sence of finely divided zinc oxide as a sensitiser. We have 
observed that zinc oxide behaves as a very powerful sensitiser 
for several photochemical reactions. 

In previous papers we have proved that the velocity of 
sugar inversion in presence of acids is markedly accelerated 
by light and that inversion of cane-sugar takes place in 
sunlight even in the absence of acids. We have now 
observed that sugar inversion and hydrolysis of maltose 
can be markedly accelerated by sunlight in presence of 
zinc oxide as a sensitiser. 

The following reactions have been found to be sensitised 
by zinc oxide in presence of sunlight 

(1) Decomposition of Fehling’s solution, (2) Decompo- 
sition of Cupri-ammonium Oxalate, (3) Formation of reducing 
sugars from Formaldehyde, (4) Formation of reducing sugars 
from Glycerol, (5) Oxidation of Methyl or Ethyl or Propyl 
alcohol to the respective aldehyde by air, (6) Formation of 
metallic gold from Gold chloride, (7) Formation of metallic 
platinum from Platinic chloride, (8) Oxidation of Quinine 
Sulphate by Chromic acid, (9) Oxidation of Potassium Iodide 
by Potassium persulphate, (10) Oxidation of Sodium Citrate l .y 
Iodine, (11) Oxidation of Oxalic acid by Iodine, (12) Oxidation 
of Potassium Tartrate by Iodine, (13) Hydrolysis of Maltose, 
(14) Oxidation of Sodium formate by Iodine, (15) Oxidation 
of Iodoform, (16) Oxidation of Potassium Tartrate by 
Bromine, (17) Oxidation of Sodium Nitrite by Iodine, 
(18) Oxidation of Hydroxylamine Hydrochloride bv Iodine 


ZINC OXIDE AS A GENBEAL SENSITISKR 


287 


(19) Oxidation of Hydrazine Hydrochloride by Iodine, 

( 20 ) Oxidation of Sodium formate by Mercuric chloride, 

(21) Oxidation of Sodium Sulphite by Mercuric chloride, 

(22) Oxidation of Hydrazine Hydrochloride by Mercuric 

chloride, (23) Oxidation of (NH 4 ):t (C 2 O 4 ) by Mercuric 

chloride, (24) Oxidation of Potassium Tartrate and 
Mercuric chloride, (25) Oxidation of Sodium ]\Ialate and 
Mercuric chloride, (26) Oxidation of Potassium citrate and 
Mercuric chloride, (27) Oxidation of Sodium Lactate and 
Mercuric chloride, (28) Oxidation of Sodium Dichloracetate 
and Mercuric chloride, (29) Decomposition of Mercuric Oxide, 
(30) Decomposition of KMnO,,. (31) Decomposition of 
Potassium oxalate. 

The following reactions are also sensitized by substances 
other than ZnO but in all the reactions ZnO is the best 
sensitiser. 

( 1 ) Potassium Tartrate and HgCl* — acceleration by 
Ferric and Ferrous chloride, EMnO.^ uranium nitrate and 
A1 1 0 3 . 

(2) Sodium formate and HgCl 3 ' — ’in presence of ALOs 
and MnOa. 

(3) Ammonium Malonate+HgCU — in presence of 
AlaOs. 

(4) Sodium Malate+HgCL — in presence of ALOs. 

(5) Hydrazine Hydrochloride + HgCl* — in presence 
of All 0 3 and Erythrosin. 

The bleaching of a number of dyes has been investigated 
in sunlight in presence of ZnO. 

To determine the extinction coefficient the dye was 
kept in a glass cell and placed before a Xutting spectro- 
photometer and the absorption was read on the density scale 
of the instrument. Knowing the thicknes of tlie cell, the 
extinction coefficient was calculated by the formula : — 


Extinction 


PAo-ff Density Readin g 
totii.- Thickness 
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10 c. 0 . taken in a glass dish. ‘1 gm. of ZnO was added. 
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Blue Violet and 
Green. 


i 



1 

Crystal Violet ] 
Do. + ZnO f 

5.560 

1 30 2753 

2-624 

•130 

2 

Methyline Blue 1 
Do. -t ZnO j 

5560 

o 

o 

T-l 

'805 

Bleached 

3 

Ethyl Green 1 
Do. *f ZnO J 

5560 

1 30 2 '233 

2'104 1 

I 

■130 

4 

Nile Blue \ 1- 

Do. + ZnO J j 

5560 

1 0 1065 

1'064 

Bleached 

5 

i 

Azolitinin 1 ! 

Do. + ZnO J 

5840 

1 0 r351 

1-299 

•005 

6 

Aniline Bine 1 
Do. + ZnO J 

5880 

1 0 5 '558 

2'442 

•397 

y.i'" 

Ni^rosin \ 

Do. + ZnO J 

5840 

1 0 1'299 

r299 

•130 

8 

Genatian Violet 1 
Do. + ZnO J 

5700 

1 0 lo84 

r065 

!' 

•005 

9 

Malachite Green '| 
Do. + ZnO J 

5840 

1 0 1 2'078 

2'078 1 

'312 

10 

Methjh Violet 1 

Do, + ZnO J 

5040 

■ 

1 0 '805 

•727 

'104 

11 

Indigo Oarniine ] 
Do. + ZnO J 

5040 

1 0 779 j 

'779 

•150 
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12 

Water Blue 
Do. 

+ ZnO j 

5589 

1 0 

1091 

1 1-040 

1 -935 

13 

Alizarin Blue 
Do. 

+ ZnO } 

5240 

1 0 

4*57r 

4'83i’^' 

# 

00 

CD 

U 

Cupric Blue 
Do. 

1 

+ ZnO J 

53G0 

1 0 

1'351 

1-247 

•935 

15 

Aniline Victorian Blue 1 
Do. + ZnO / 

5240 

1 0 

2-857 

2-337 

1-091 

B. 

16 

Fluorescent 

Eosin 

Do. 

Dyes* 

f 

+ ZnO J 

. 

5520 

1 45 

1-506 

•571 

•026 

17 

Fluorescein 

Do. 

1 

+ ZnO j 

5200 

1 46 

1-114 

•649 

•104 

18 

j 

Rhodamine 

Do. 

1 i 

+ ZnO 1 j 

5640 ! 

1 

1 45 1 

1-974 1 

1-948 

'519 

19 

Brythrosine' 

.Do. 

+ ZnO } 1 

5480 i 

i 

1 45 

. f 

3'636 ’ 

2-208 

‘727 

20 

Uranine 

Do, 

+ ZnO } * 

i 

5360 

■ 1 

1 45 ! 

ni7 : 

1*065 1 

. . 1 

'779 

21 

Pronine G. 

Do. 

+ ZnO } i 

5360 i 

1 0 

1 

2-441 

2-208 

2-07H 

22 

Acridine Red 
Do. 

+ ZnO / ; 

5360 I 

■ ■ , 1 

1 0 I 

1-714 ' 

1-688 1 

*883 

a 

23 

Red, Yellow & Orange.; 

Rose Bengale 1 i 

Do. + ZnO j I 

5920 

j... 

2 30 

] 

1-506 j 

1 

j 

1-351 j 

1-273 

24 

Congo Red 

Do. 

. 1 

+ ZnO j 1 

5840 

2 30 ; 

i 

1 558 j 

! 

j 

1-548 

•987 

117 " 
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Extinction Goeff. 
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25 

A urine 

Do. 

+ ZnO 

1 

f 

5680 

1 

0 

1-247 

-935 

■519 

26 

Magenta 

Do. 

+ ZnO 

} 

,5840 

1 

0 

1-818 

1-901 

■753 

27 

Aniline Red 
Do. 

+ ZnO 

} 

6160 

1 

0 

2-208 

1-091 

1-040 

28 

Aniline Yellow 

Do. + ZnO 

} 

5120 

1 

0 

2-078 

1-974 

•312* 

29 

1 Auramine 

Do. 

4- ZnO 

1 

4880 

1 

0 

ro4o 

■984* 

•984"' 

30 

Methyl Orange 
Do. 

+ ZnO 

} 

5040 

1 

0 

2 727* 

2-857* 

1-948 

31 

Purpurin 

Do. 

+ ZnO 

} 

5589 

1 

0 

1-402 

"883 

■364 

32 

Tropaeolin 

Do. 

+ ZnO 

} 

5560 

1 

0 

-779 

"727 

■519 

33 

Aniline Scarlet 

Do. + ZnO 

} 

5720 

1 

0 

1-298 

1-194 

l'09l 

34 

Theonine Grubber 

Do. ZnO 

} 

5360 

1 

0 

1-039 

■984 

■883 

35 

Thioflavain 

Do. 

+ ZnO 

} 

5360 

■ 

1 

0 

4-675 

r558 

1-039 

36 

Core us Red 

Do. 

+ ZnO 

} 

5240 

1 

0 

1 

roni I 

1 

-678 ! 

•623 

37 

Rosaniline 

Do. 

+ ZnO 

} 

5240 

1 

0 

t 

1-195 

1-039* 

2'337* 

38 

Acridine Orange 

Do. + ZnO 

1 

J 

5360 

1 

0 

2340 

2 078 

r948 

39 

Acridine Yellow 

Do. -f ZnO 

} 

5360 

1 

0 

1-299 

1-195 

■987 

40 

, 

Aesoulin 

Do. 

+ ZnO 

} 

5360 

1 

0 

649 

■597 1 

•4I6 
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In diffused light there was no change in the colour 
of the dyes with zinc oxide. The bleaching of the dyes 
was noticeable in a short time when the solutions were 
exposed to sunlight with zinc oxide. 

As a general behayiour it was found that the dyes which 
absorb light of longer wave-lengths are much accelerated 
in bleaching in sunlight by zinc oxide. The next in order 
comes the fluorescent dyes which also absorb light of longer 
wave-lengths, and lastly are the dyes of red, orange and 
yellow type which absorb light of shorter wave-lengths. 
There are only very few exceptions to the above 

generalisation which might be due to impurities. 

In recent papers Baur‘ and co-workers have investigated 
the sensitising influence of zinc oxide on the photoehemicai 
decomposition of an aqueous solution of silver nitrate and 
methylene blue in absence of air. 

In! the case of the decomposition of silver nitrate, Baur and 
Parret represented the process schemetically as follows : — 

1 0 Ag JSTOs OH' Peroxide Oxygen 

ZnO ^ 

J 0 AgV Ag” 

We are of the opinion that this scheme of Baur is 
unsatisfactory because there is no experimental evidence 
in support of the above views, and the decomposition of 
silver nitrate can be easily understood from the following 
considerations. It is well-known that sols of heavy metals 
like silver, gold, platinum, etc., have a tendency to decompose 
and in presence of light solutions of these salts decompose 
readily. In presence of zinc oxide this decomposition 
tendency of silver nitrate is increased. 

We are of opinion that in presence of light the mole- 
cules of zinc oxide absorb the radiation and become 
activated. The activated molecules of zinc oxide come in 
contact with the molecules of silver nitrate and activate them 


'Helv. Chim. Acta 7 , 910 (1924). 
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by the transference of energy from the molecules of zinc oxide 
to those of silver nitrate. The decomposition of silver nitrate 
takes place according to the following equation 

2AgNO,, +H20=2Ag+2HN03. 

In addition to the sensitising effect zinc oxide has 
also the function of neutralising the nitric acid which is set 
free and thus helps the decomposition of silver nitrate. 
We have observed that in presence of calcium carbonate, 
strontium carbonate, etc., which also neutralise the free nitric 
acid, solutions of silver nitrate appreciably decompose in 
sunlight, but the effect of calcium carbonate, or strontium 
carbonate is not as great as zinc oxide which also acts as a 
marked photochemical sensitiser. 

In a recent paper Chakra varti and Dhar have shown 
that solutions of dyes are unstable in presence of light and 
they can be readily oxidised or reduced under suitable 
conditions. We have shown that in presence of air several 
dye solutions are readily oxidised in presence of light and 
in this paper we have shown that this oxidation of dyes is 
markedly accelerated by zinc oxide. Moreover in the same 
paper Chakra varti and Dhar proved that the solutions 
of dyes also can decompose in presence of strong ultra- 
violet or sunlight just as solutions of potassium perman- 
ganate, potassium persulphate or ammonium nitrite in 
presence of strong light. 

In this paper we have proved that the decomposition 
of potassium permanganate, potassium persulphate, etc., 
in sunlight is accelerated by zinc oxide. 

Baur' has represented the photolysis of methylene blue 
in presence of zinc oxide when air is not present in the 
following way : — 

7 0 methylene blue products of oxidation. 

jO methylene blue ieuoo compounds. 

'Faraday Society Discussion, October, 1926, p, 629- 
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We are, however, of the opinion that these dyes which 
are unstable substances decompose in sunlight in the 
same way as the solution of potassium permanganate decom- 
poses in sunlight. It is likely that the decomposition of 
dyes can in some cases be compared to the decomposition 
of nitrous acid, hypophosphorous acid, phosphorous acid, etc., 
according to the following equations : 

3HNO, = HN 03 + 2NO+H20 

4H3P03 = 3H3P0.i + PH3 

2H3P02=H3P0.,-1-PH3 

The photochemical decomposition of nitrogen pentoxide 
has been found by Daniels and Johnston* to be accelerated 
in visible light in presence of nitrogen dioxide. We are of 
opinion that nitrogen dioxide acts as a sensitiser in the 
photochemical decomposition of nitrogen pentoxide, just 
as chlorine sensitises the photochemical decomposition of 
ozone. 

Further work on photosensitisation and photo-inhibition 
is in progress in these laboratories. 


' J. Amer. Chem. Soo., 43, 53, 72 (1921). 




ON THE THEORY OF PEPTISATION OF 
METALLIC HYDROXIDES IN PRESENCE 
OF NON-ELETROLYTES 


BY 

K. 0. SEN, D. Sc., 

Chemistry Department, Allahahad University. 

Though the peptisation of metallic hydroxides and 
salts by ions and electrolytes is generally known and the 
theory underlying the process comparatively well under- 
stood, ' the direct peptisation of substances by non-electro- 
lytes is not known. A considerable emphasis has however 
been given to many cases where the presence of non-electro- 
lytes prevents or inhibits the formation of a visible precipi- 
tate. Bancroft* mentions several such. Thus a concen- 
trated solution of sugar in water will prevent the precipita- 
tion of calcium silicate,* silver chromate and silver chloride,* 
and of lime and of the hydrous oxides of copper,' uranium 
andiron.® G-rimaux’’ showed that glycerine prevents the 
precipitation of hydrous ferric oxide by caustic potash. 
Experiments of similar nature were done by the present 
writer in a previous paper.* A quantitative work in this 
line is that of Kuhn and Pirsch.* Thus though many stray 
eases have become known, no progress seems to have been 
made to give a general explanation of the peptisation 

' Of. Lottermoser: Jour. Prakt. (2) Chem. 60, 341 (1903); 72, 
39 (1906); Eeit physik chem., 62. 371 (1908). 

* W. D. Bancroft; 2nd B. A. Report on Colloid Chem., p. 2 (1918). 

® Weisberg: Bull. Soc. Chem. Paris (3), J6, 1097 (1896). 

* Lobry de Bruyn : Ber. deutsch Chem. Ges., SS, 3079 (1902). 

Graham ; Jour. Chem. Soc., 75, 253 (1862). 

® Riffard : Compt. rend. 77, 1103 (1873). 

’ Compt. rend. 98. 1483, 1340 (1884). 

Kolloid zeit. 33, 193 (1923). 

® Kolloid zeit. (Zsigmondy Festsohr), 36, 310 (1925). 

395 
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observed. The object of the present paper is to discuss some 
experimental results with a view to the formulation of a 
general theory. 

According to Freundlich,' all adsorption is accom- 
panied by a lowering of the surface tension of the adsorbent, 
and Bancroft* therefore considers that the adsorption of 
any substance will tend to peptise a precipitate. On this 
view we can assume that the non-electrolytes which are 
adsorbed by the colloid particles keep them peptised 
owing to their effect on the surface tension of tlie solid 
phase. That this effect cannot be the sole cause of peptisa- 
tion is evident from the fact that a definite amount of acid 
or alkali is necessary for peptisation of certain hydroxides 
as shown in recent papers® even in presence of the non- 
electrolytes. The experimental results with iron and chro- 
mium hydroxides were given in that paper. In the follow- 
ing Table I a set of results is shown on the peptisation of 
copper hydroxide in presence of sucrose. 

Table I. 

Total volume - 15 c.c. 


Millimoles of sucrose necessary to pi-event 
Amount of Ou. milli- the formation of a precipitate, 

gram atom • 


peptised. 

NaOH=2 

millimoles. 

NaOH=3 

millimoles. 

Na.OH=6 

millimoles. 

0-125 

0-05 


0-04 

0'250 

0-14 

0-1 

0-1 

0-375 

0-20 

1 

0-19 

! 0-175 

0-500 

0-31 

^ 0-25 

0-2B 

0-625 

0-85 

0-34 

0-32 

0-750 

V 

00 

o 

0-64 

0-55 


^ Kapillarchemie., 154 (1909). “ Jour. Phvs. Chem., 20, R5 (1916.) 
Mehrotra and Sen; Kolloid zeit. 42, 35 (1927); Jour. Ind, 
Ohem. Soo., 4, 117 (1927) ; Sen : Hid., 4, 131 (1927). 
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On peptisation, the solution Gontaining copper hydroxide 
is clear both in reflected and transmitted light and shows a 
blue colour. From Table I it will be observed that the amount 
of alkali present in the solution has a decided effect on the 
amount of sugar necessary for inhibiting the formation of 
a visible precipitate. When the concentration of copper 
peptised is low, this effect is not prominent because the 
amount of alkali present is in large excess in every ease. 
In the ease of higher concentrations of copper, however, 
the effect is easily perceived. Thus when the amount of 
copper peptised is 0'75 milligram atoms, then 0’55 millimole 
of sucrose is sufficient for the inhibition of the precipi- 
tation when the amount of alkali is 5 millimoles, whereas 
in presence of 2 millimoles of alkali, even S millimoles of 
sucrose are insufficient for peptisation. This shows that a 
minimum excess of alkali is necessary for the peptisation of 
copper hydroxide into a blue sol in presence of non-eleetro- 
lytes like sugar. 

These experiments suggested that the influence of the 
excess of hydroxyl ions was considerable. In previous papers 
on the theory of peptisation, V it was shown that in the 
peptisation of ferric hydroxide in presence of sugar or 
glycerol, the colloid is unstable at the isoelectric point of 
the solution. It was also stated that with a ferric 
hydroxide colloid, it was easy to get the three states in the 
charge reversal of a colloid, namely — positively charged 
colloid, coagulation and then a negatively charged colloid. 
This would naturally mean that in the negatively cliarg-ed 
colloid, the stability is due to the adsorbed negative ions. 
It would therefore be difficult to explain the function of 
non-electrolytes which help in this peptisation. In order 
to study the mechanism of this charge reversal or peptisa- 
tion into either a positively charged or negatively charged 

* Sen: Kolloid zeit., 3S, 113 (1925); Jour. Phys. Ohem. 29, 
1533 (1925). 
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so], some direct experiments have been made. The object 
was to find out whet tier there is any definite range of H ° 
or OH^ ion concentration within which the colloid is un- 
stable. In this paper the experiments with three colloids, 
Ce(OH) 3 , Fe(OH )3 and Cr(OH )3 are given. The choice 
of these substances was made because of the ease with 
which all of them can be obtained either as positively 
charged or negatively charged colloids. Tlie method of 
experimentation was practically the same as given in a 
recent paper by Mehrotra and Sen. 


Table II. 

Peptisation of Cerous Hydroxide. 

Cerimn Chloride = 1 milli-equivalent. 
Sucrose = 2 millimoles. 

Total Volume = 10 c.c. 


Amount of NaOH 
added inilU- 
eqiiivalents. 

Results and Remarks. 

0'814 

Solution clear. Reaction acid. Colloid 
positive. 

0-888 

Solution clears in a minute or two. 

0962 

Immediate precipitation. 

1-036 

Do. 

riio 

Do. 

1-184 

Solution slightly turbid. Reaction alkaline. 

1-258 - .... 

Solution clear. Reaction alkaline. Colloid 
negative. 
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Table III. 

Peptisation of Chromium Hydroxide. 

Chromium chloride =1 milli-equivalent. 
Griycerol = 2 millimoles. 

Volume = 10 e.c. 


NaOH added. 

Results and Remarks. 

■ 

0-6 

Solution clear. Oolioid positive. Re- 

action acid. 

0-8 

Solution turbid but clears after some time. 
Reaction acid 

0-90 

1 Precipitate. 

i 

1-0 

1 

1 Reaction neutral. .Fioccuient precipitate 
which settles down easily. 

1'2 

Solution slightly turbid. Reaction alkaline. 

1*4 

Solution clear. Reaction alkaline. Colloid 
negative. 


Table IV. 

Peptisation of Ferric Hydroxide. 

Ferric chloride == 0‘5 milli-equiYalent. 
Griycerol=l millimole. 

Volume=lO c. c. 


ISTaOH added. 

0-333 

0'37 

0'444 


Results and Remarks. 


.. Solution clear. Reaction acid. Positively 
charged colloid. 

.. Solution slightly turbid but clears within a 
short time. 

.. Solution turbid. Does not clear and does not 
settle. Reaction acid. 
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NaOH added. 

Results and Remarks. 

0-50 

Mooculent precipitate which settles clown rapid- 
ly, Reaction neutral 

0-555 

j 

Solution turbid. Does not settle easily but 
particles can be distinguished. Reaction 'alka- 
line. 

0-629 

Solution turbid at first, but clears within a 
minute or two. Reaction alkaline. Colloid 
negatiTely charged. 

0-70 : 

. 1 

Solution clear. Colloid negative. 


Tables II, III and lY show definitely that when an 
exactly equiTalent amount of alkali is added to solutions 
of cerium, iron or chromium chlorides, a precipitate is 
formed even in presence of a protective non-electrolyte. 
There is a definite range of acid or alkali concentration 
within which the colloid is unstable, but beyond this 
range, the colloid can be obtained either as positively 
charged or negatively charged particles. Thus the range 
within which cerium hydroxide is unstable is about 0'8 to 
1‘2 milli-equivalents of caustic soda. With ferric hydroxide 
and chromic hydroxide, the ranges are respectively 0'4 to 
0'6 and 0‘8 to 1*2 milli-equivalents of alkali. It is to be 
noted that these concentration ranges are only for the 
particulaj’ concentrations of the metal ions used. These 
results thus point to the following fact : In presence of 
non-electrolytes like sugar or glycerol, colloidal cerium, iron 
and chromium hydroxides can be obtained either as posi- 
tively charged or negatively charged particles depending upon 
the concentration of the added alkali only when there is a 
minimum excess of either acid or alkali present in the 
solution. If a minimum excess be not present, then no 
peptisation can be obtained. In other words, non-electrolytes 
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like sugar and glycerol do not exert any protective effect 
upon cerium, iron and cliroinium hydroxides in the absence 
of excess of H° or OH' ions or other easily adsorbable 
ions. 

Mention may be made here of another interesting 
fact. According to "Wo. Pauli,* many proteins exert no 
protective action on a gold sol which has been freed to the 
greatest possible extent from electrolytes. Preundlioh* 
therefore concludes that a certain content of electrolyte is 
necessary for the protective action of many, perhaps of all, 
protective colloids. J. Loeb® also found that isoelectric 
gelatine does not protect a collodion sol in the absence 
of electrolytes, but when certain electrolytes are present, 
this protection is observed. It is very likely that in 
these cases, a preferential adsorption of some ions by the 
proteins makes them behave like charged colloids, and 
the protection is thus due to an electric film formation.* 
Consequently the general statement* that the protective 
aeiion of the so-called protective colloids and non-electrolytes 
is dependent on the presence of easily adsorbable ions in the 
solution^ seems to be true. 

Prom a perusal of Tables II, III, and lY it will be ob- 
served that these experiments are nothing but titrations of the 
metallic chlorides by caustic soda in presence of non-electro- 
lytes. The reactions are thus of a similar nature to that 
found by Lotte rmoser® in the case of silver nitrate and 
potash iodide, where an excess of either reagent would 
facilitate and was necessary for the formation of a colloid, 
but in exactly equivalent proportion, a precipitate would 
result, a fact whicli can bo explained on the views of 

* Kolioid zeit. SI, 252 (1922). 

’ Kapillarohenise. English Trans., p. 834 (1926). 

" Jour. Gen. Physiol., 5, 479-504 (1923). 

^ Sen : Kolioid zeit., S6, 199 (1926). 

* Sen : Ibid., p. 202 


Loc oit. 
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Powis * regarding the existence of a critical potential 
below Avhich the colloid is unstable. Carrjung this analogy 
further, we can say that the peptisation of metallic hydrox- 
ides is an ionic one like that of the silver halides and is 
brought about by the preferential adsorption of the con- 
stituent ions of the colloid, namely OH' or the metal ion or 
may be in some cases H® ions, and thus the r61e played by 
the non-electrolytes must be considered to be a secondary 
one. If this is so, then the question arises, how do the non- 
electrolytes help in the observed peptisation ? It may be 
taken for granted that the non-electrolytes are more or less 
adsorbed by the metallic hydroxides. This adsorption will 
thus lower the surface tension of the adsorbent. Possibly 
the surface of the adsorbent will become more hydrated. 
Another effect of the adsorption will be the inhibition of the 
growth of the particles either by coalescence or crystalli- 
sation. Thus from the experiments of Marc and Wenk,* 
Pickardt® and Padoa and Q-aleati,'* we know that the 
adsorption of a non-electrolyte greatly decreases the velocity 
of crystallisation. It is quite possible that a similar thing 
happens here. The peptisation of the hydroxide by the ions 
will thus be greatly facilitated. Another probable effect 
of the adsorption of the sugars, though it lacks as yet 
experimental confirmation, may be to increase the amount 
of hydroxyl ion adsorption. That the adsorption of some 
non-electrolytes can increase the amount of adsorption of 
an ion has already been shown in the case of hydrated 
manganese dioxide and copper and silver ions in presence 
of sucrose and alcohol.® Whatever may be the real 

‘ Zeit physik cliem. 89, 188 (1915). 

° Zeit physik chem. 55, 112 (1910). 

^ Ibid., 42, 27 (1902). 

Gazz, ohim. ital. 55, I, 181 (1904). 

® Sen: Kolloid zeit., S8, 310 (1926). 

Also compare Abderhalden and Podor. 

Permentforschung, 2, 74(1917) ; 2, 151. 217 (1918). 

Kolloid zeit, 27, 49 (1920). ... 
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effect of these non-electrolytes, it is clear that they play a 
niinor r 61 e than^t^^^ in the peptisation of metallic 

hydroxides inYestigated in this paper, and it is likely that 
the real peptising agent, at least in the cases of Ge, Fe and 
Or hydroxides, is the OH"' ion when alkali is present in 
excess, the non-electrolytes influencing the peptisation only 
indirectly. 

SUMMARY. 

1. A tlieoreticai and experimental study has been made of the 
peptisation of certain metailio hydroxides. It has been shown 
that in the case of cerium, iron and chromium h 3 xiroxides in pre- 
sence of non-electrolytes, a minimiiin excess of or OH' ions 
is necessary for peptisation. 

2. The conclusion has therefore been drawn that non- 
electrolytes like sugars, glycerol, etc., cannot by themselYes 
peptise any metallic hydroxides, but afford a protective effect 
only in presence of electrolytes. 

3. A similar fact seems to be true in the case of proteins also, 
namely, their protective effect is only manifested in presence of 
electrolytes. 

4. Consequently it is deshabie to inve^stigate whether the 
proteins act as protective colloids only wdien they exist in solution 
as charged colloids owing to the adsorption of ions, and not as 
amphoteric electrolyte-free substances* 

5. It is probably possible to make a general statement about 
the nature of the protective effect alfordecl by the non-electro- 
lytes : — The non-electrolytes . help the ionic peptisation of the 
metaHic hydroxides ■when they are present in the solution. Their 
role is however <piito subordinate.;. to\ that of the ions. Their 
effect is probably on the surface of the particles-— diminishing the 
surface energy, increasing hydratio'ny.and inhibiting ilio growth 
of the particles either by 'eo-alesoence or crystallisation. The 
electro-kinetic behaviour shown';."by..':'C.erium, iron and chromium 
hydroxide colloids in presence of these non-electrolytes compels 
iis to believe 'that their '.stability is undoubtedly more determined 
by the electric double layer existing between the particles and the 
solution than by anything else. 
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A THEOREM CONCERNING ZEROS OF 
AN ANALYTIC FUNCTION 

BY 

P. L. SRI VAST AVA 

My thanks are due to Prof. Gr. H. Hardy, under whose 
guidance the following theorem was obtained. 

Theorem.— If 

i'i) f is an analytic function of z — pe*'t in the angU 


iiiJ-K a, where 0<a< -f-; 

I - n T lof? \f {pei^) t . , , 

Iw) lim. sup. -s—j. 


where a ( is bounded for ; 

{in) — ]c c 0 g a< TV sin a, where k = a( 0 ) ; 

then f («) cannot have zeros at all the points z = 0, 1, 2, 3, . . . 

Suppose, if possible, that f (z) has zeros at the specified 
points. Now consider the function 

S' («) 

ThenV 

g {z)=0 ), 

■where L is a constant, uniformly in the angle «. 

Let ^ be formed from g(z) as >^{f) is from /{^). 

^ See ‘ Note by Mr. Hardy,’ Proo, Oamh. Phil. Soc., Vol. XX, 
pp. 208-209. 
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Then it is obvious that 

h{± a)= x(±a) — k cos «- tt siu a. 

It follows, therefore, from the beautiful memoir of 
Phragm& and Lindelbf * that 

I {f\\ i ^ W'bA t— a) f . \ 

A ( 0 ;< -*COSa- 5rsma j 

<0, by (iii) . 

But evidently /« (0)^0. Thus we are involved in a 

contradiction. Hence /(«) cannot have zeros at all the 
points 2:=0, 1, 2, 3, . . . 

If a = ’ then the conclusion of the theorem holds 

under more general hypotheses.* 

* ‘ Sur ime extension d’un principe classique do I’analyse et 
sur quelques propri^tes des fonotions monogenes dans le voisinage 
d’un point singulier,’ Acta Mathematical Vol, 31, 1908, pp. 381— 
406. See the theorem of § 10. 

* F. Oai'lson, Sur une classe de series de Taylor' Thdse pour 
le dootorat, Upsal, 1914, ,p. 58. Also see G. H. Hardy, ‘On two 
theorems of P. Carlson and S. Wigert,’ Acta Matheniatica, Vol. 42, 
pp. 327 — 339. I take this opportunity to point out that Hardy’s 

first proof of Carlson’s theorem (with a= ) is incomplete in so far 
as it omits to consider explicitly the case h (#)= — « for 151 
< j. That the hypotheses (1), (2), and/fz) not identically zero are 

not sufficient to ensure the continuity of h {&) for 1^1 < ~ is shown 

by the function • 

■' r(r+l) 

In this connection see also M. Riesz, ‘Sur le principe de Phrag- 
men-Lindeldf/ Proc. Camh. Phil. Soc., Vol. XX, pp. 205 — 207. 
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A NOTE ON WORDSWORTH’S METAPHY- 
SICAL SYSTEM. 

BY 

S. G. DUNN, M.A., I.E.S. 

It is salutary for one who would endeavour, as I shall 
endeavour in this note, to “ extract the system ’’ from the 
poems of Wordsworth, to bear in mind that “ the poet 
writes under one restriction only, namely, the necessity of 
giving immediate pleasure to a human Being possessed of 
that information which may be expected from him, not as 
a lawyer, a physician, a mariner, an astronomer, or a 
natural philosopher, but as a Man.”^ The primary value 
of Wordsworth’s poetry is, indeed, the revelation of Joy 
“ in widest commonalty spi’ead — ^it does enable us to 
find, for this uneasy heart of ours, 

“A never-failing principle of Joy 
And purest passion.” 

Yet, Wordsworth himself, in dividing into classes the 
readers of poetry, tells us, “ There are many, who having 
been enamoured of this art in their youth, have found 
leisure, after youth was spent, to cultivate general litera- 
ture; in which poetry has continued to be comprehended 
as a study . It may be conceded, then, to a Professor 
whose function (not alas! exercised in leisure) it is " to 
cultivate general literature, that he should make a study 
of poetry, especially when he is invited thereto by the poet. 
For in the Preface to the Ewcursim (1814) Wordsworth, 
while renouncing the intention “ formally to announce a 
system,” hopes that " if he shall succeed in conveying to 
the mind clear thoughts, lively images and strong feelings, 
the Reader wdll have no difficulty in extracting the system 
for himself.” Let us start with this Preface, for it tells 
us how to proceed in our search for a system. 

^ Preface to Second Edition of Lyrical Ballads (1800). 

* Essay Supplementary to Preface (1815). 

( 311 ) 
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As early as 1795, Wordsworth had set before him the 
accomplishment of a great philosophical poem, “ On Mam,, 
On Nature, and On Human Life N In March, 1798, he 
states, in letters, that he has written “ 1,800 lines of a 
poem in which I contrive to convey most of the knowledge 
of which I am possessed. My object is to give pictures of 
Nature, Man and Society. ... Its title will be the 
Recluse; or Yieivs of Nature, Man, and Society.” Some 
of these lines are embodied in the later Prelude, others 
appear in the Preface to the Excursion “ as a kind of 
Prospectus of the design and scope of the whole Poem.” 
The following passag'e outlines his scheme; his intention is 
to proclaim, 

“ How exquisitely the indiviclual Mind 

{And the progressive powers perhaps no less 
Of the whole species) to the external World 
Is fitted : — and how exquisitely, too — 

Theme this but little heard of among men — 

The external World is fitted to the Mind ; 

And the creation (by no lower name 

Can it be called) which they with blended might 

Accomplish: — this is our high argument.” 

In other words, he is to attempt nothing less than a solu- 
tion of the problem which had puzzled the eighteenth 
century. Briefly put, that problem is this. On the one 
side, we have Man in his duality of Mind and body; on the 
other, Nature or the external world; Mind versus Matter. 
What is the link, if there is a link, between them? How 
does Man get his knowledge, if knowledge it can be called, 
of the external world? For if there is no link, there can 
be no knowledge; either Mind is Matter, if we follow Locke 
to his logical conclusions, or Matter is Mind, if we follow 
Berkeley to his conclusions. Crudely summarized, that is 
the problem. To avoid this awkward dilemma, the 
natural man, that is, the man who interrogates his own 
feelings and intuitions, his own body and mind, —and the 
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poet is the natural man raised to the highest power, — 
Wordsworth, let us say, combines the two, and boldly 
asserts that reality, the world as we know it, is the creation 
of both Mind and Matter; we half perceive and half create; 
there is a “ mutual domination ’’ and “ interchangeable 
supremacy ” between Mind and Matter. That is the 
position reached by common sense, but it remains to justify 
it philosophically, and this is what Wprdsworth set out 
to do in the Recluse. It was indeed a high argument, an 
epic theme needing the power of a Dante or a Milton. 
Had he that power? At first, apparently, he had no 
misgivings. In the glad confident morning of his genius, 
during those days in the West country with Coleridge and 
with his sister, he began the task. But if the talk of 
Coleridge could inspire, it could also bewilder with doubt- 
ful speculations. About the end of 1798, Wordsworth 
began to “ take a review of his own mind, and examine 
how far Nature and Education had qualified him for such 
em.ployment. As subsidiary to this preparation, he under- 
took to record, in verse, the origin and progress of his own 
powers, as far as he was acquainted with them.” 

This preliminary and autobiographical poem was 
completed in the winter of 1806-7 when it was read to 
Coleridge; but the manuscript, frequently revised, remained 
unpublished till the poet’s death wdien it appeared in 1850 
under the title of the Prelude. Of this more anon. After 
finishing this first part of the great poem, Wordsworth went 
on to the second stage, in which, instead of ” meditation in 
the Author’s own person,” he employs ” the intervention 
of characters speaking and something of a dramatic form.” 
This, the E,TC%ir.don. he published in 1814. In the Preface 
he speaks of it as the intermediate part of his poem the 
Recluse; the first part he has not completed “ in such a 
manner as to satisfy his own mind,” and the third part 
is not yet in being; he publishes this instalment because 
40 ^ 
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“ it does not depend upon the preceding to a degree which 
will materially injure its own peculiar interest.” At the 
same time he advises the reader that it must be taken in 
relation with that first part (the Prehide), and with Ms 
other poems; he compares the whole body of his work to 
a “ gothic church Prelude is the ante-chapel, the 

Excursion the body of the church, the minor poems, 'as 
he calls them, the “ little cells, oratories and sepulchral 
recesses, ordinarily included in those edifices.” 

This comparison is significant of the change which 
was happening in Wordsworth. The “ genial sense of 
youth ” had left him, and Joy was no longer “ its own 
security he was beginning to lose his confidence in the 
“ sovereignty within ” of “ natural beings in the strength 
of nature the Wordsworth v/ho had joyously proclaim- 
ed, “ Let nature be your teacher,” was turning into the 
Wordsworth who wrote the Ecclesiastical Sonnets. Partly, 
it was a loss of “ the visionary power ” which he laments 
in the Immortality Ode; partly, it was a deliberate turning 
away from the natural religion of Ms youth towards the 
orthodox “ piety ” of his later years. Every student oif 
Wordsworth has noted the change. It began about 1806. 
Prof, de Selincourt dates its beginning from the loss of 
his brother John in 1805. “ There is every evidence,” he 

says, in the letters and elsewhere that Wordsworth was 
passionately devoted to his brother, and the shock of his 
loss seems to have made a turning point in the poet’s 
thought. The beginning of the change from the natural- 
ism and sensationalism of his early poetry to a more 
definitely orthodox attitude dates from this time.”^ Prof. 
Garrod traces it to the estrangement from Coleridge ^ 
“ From about 18 06 Coleridge in fact ceased to be a direct 


I The Prelude, edited by Ernest de Selincomt (Oxfml umT 
ordsworth — ^Lectures and Essay, s by H. W. ’ Garrod 


(Oxford, 1923). 
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formative influence in Wordsworth’s life and thought.” 
He refers appositely to the Comflaint written in 1806: 
“ There is a change and l am poor.” The words, he says, 
are truer than Wordsworth meant them to be, or at any 
rate, far wider in their application. “ He is speaking 
of the affections. But he is poorer, not only in the wealth 
of the affections, but in the riches of philosophic thought.” 

The real Wordsworth, the distinctive poet, is the 
Wordsworth of 1798 to 1807; it is to the work done in 
those years that we must go to find what he felt and what 
he thought at his best, his real system. It is true that he 
professes in the Eoocursion preface to regard that work as 
preparatory to the philosophical poem; even in the 
Easc'ursion itself he is not prepared ” formally to 
announce a system ” ; he contemplates a further instal- 
ment of his “sensations and opinions ”; in that, no doubt, 
he would explain these, correlate them, and erect a theory 
such as he had adumbrated in the lines quoted from the 
Prospectus. But the years went on; the “ long and 
laborious Work ” stood still; he does not seem even to 
have started the third part of it; instead, he went back to 
the first and so altered it from time to time that, when at 
last it was published, the “ sensations and opinions ” ex- 
pressed were in many passages different from those actually 
held and expressed in 1806. Fortunately, we are now able 
to read what was written in the ea,rly version and compare 
that with the version of 1850; for the first time we have 
before us that autobiographical poem which was read to 
Coleridge. The publication of Professor de Selincourt’s 
edition of the Prelude in 1926 was made possible 
“ through the kindness and generosity of the poet’s grand- 
son Mr. Gordon Wordsworth, the owner of the manuscripts 
on which it is based. These manuscripts are described 


^ Preface to de Selincourt’s edition of the Prelude. 
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by Professor de Selincourt; there are “ five almost com- 
plete extant manuscripts of the Prelude covering the years 
1805 — 39 as well as several notebooks and other manus- 
cripts, which contain drafts of parts of the poem, and 
belong to an earlier period.” In the new edition 
pubhshed by the Clarendon Press we have the text of 1850 
side by side with the text of the poem as it was read to 
Coleridge, together with unpublished fragments which are 
often of the utmost importance. In quoting from the 
Prelude I shall refer to the early version as A and to the 
1850 version as B. 

We have, then, as our material from which to extract 
a system, the “ minor ” or lyrical poems, the Prelude A, 
and the Excursion, and in using these three we can trace 
the changes in thought by reference to Prelude B, since 
the differences between Prehtde A and Prelude B will help 
us to understand how the Wordsworth of 1814 came to 
differ, as the Excursion shows us he did differ, from the 
Wordsworth of 1806. 

But before proceeding further it is necessary to revert 
for a moment to the preface to the Excursion, send examine 
rather more closely Wordsworth’s words. A study of the 
manuscripts newly available confirms the view that 
Wordsworth was extraordinarily careful about his words; 
every one of them has its weight • we shall miss his mean- 
ing if we pass over a ivord without realizing the significance 
it had for him. This is evident from the changes he made 
in his manuscript. For example, in the Prelude A, II. 268 
the inmate of this active Universe 

“ Even as an agent of the one great mind 
Creates, creator, and receiver both.” 

It is clear from his expressions elsewhere at this period 
that he believed Man to he the agent of the one great mind. 
Later he was afraid of this ; it looked too much like 
Pantheism and he changed “ Even as ” to "Doth like ” 
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and “ mind ” to “ Mind.” A less careful writer might 
argue that ” Even as ” can be interpreted as the equi- 
valent of “ like ” ; but Wordsworth made the change. 
He had all the conscientious exactitude of the great artist. 
For this reason it is worth while at the risk of repetition 
to look again at the wording of the Preface. There he 
tells us that he is not announcing a system, but trying to 
convey to the mind ” clear thoughts, lively images and 
strong feelings,” because that course is ” more animat- 
ing ” to him. The two essential phrases are, it seems 
to me, “ animating ” — a favourite word of Wordsworth’s 
— and “ conveying to the mind.” If one remembers his 
habitual process of composition and the theory upon 
which he worked, these phrases are illuminating. 

Poetry, according to Wordsworth, ” is the spontane- 
ous overflow of powerful feelings : it takes its origin from 
emotion recollected in tranquillity ; the emotion is contem- 
plated till, by a species of reaction, the tranquillity 
gradually disa.ppears, and an emotion, kindred to that 
which was before the subject of contemplation, is gradual- 
ly produced and does itself actually exist in the mind. 
In this mood successful composition generally begins, and 
in a mood similar to this it is carried on.”^ In other 
words, an object, an event, let us say, of any kind, be 
it physical as the sight of the rainbow in the sky, or spiri- 
tual, as the contemplation of the lonely leech-gatherer, 
produces a. powerful emotion; the inward eye — a special 
faculty, distinct, apparently, from memory,— is able to 
convey this object to the mind after the first powerful 
feeling has subsided; the mind, by the contemplation of 
this object presented to it by the inward eye, is roused, 
or “ animated,” to an emotion kindred to that originally 
excited, but purged of the merely transient and associated 

with the permanent and universal; in this mood the 
- ■ - - 
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creative faculty, or imagination, works, and the poem is 
produced. Elsewhere, Wordsworth lays stress on the 
necessity of this interval for contemplation; he is, e.g., 

not used to uiake 

A present joy the matter of a song,” 

(Prehide'^ I,: 46) . 

and if we remember this, we shall realise the importance 
to him of the “ inward eye” which can recall what the 
“ visionary power ” has once enabled him to see. His 
theory had been anticipated hy Akenside who expresses 
in the following lines precisely the same idea : 

“Let me once more feel 
Your influence, 0 ye kind inspiring powers ; 

And I wiU guard it well; nor skall a. thought 
Rise in my mind, nor shall a passion move 
Across my bosom unobserved, unstored 
By faithful memory. And then at some 
More active moment, wall I call them foith 
Anew ; and join them in majestic forms 
And give them utterance in harmonious strains ; 

That all mankind shall wonder at your sway.” 

(1 mcrif tion, Ylll). 

The “ active moment ’’ here is exactly that mood of 
“animation” which Wordsworth expects to follow “by 
a species of reaction ” on the contemplation of the emo- 
tion made possible by the “ faithful memory ” or, as he 
prefers, “the inward eye.” 

It should now be clear what he means by “ animat- 
ing ” and “ conveying to the mind.” His purpose in 
all this poetry preliminary to the great philosophical 
poem — the Prelude, the Edseursion and the other poems 
— is to preserve “ clear thoughts, lively images and strong 
feelings ” as the records upon which the iraa-ginatioii 
may work when it comes to organize or animate his feel- 
ings or intuitions, to give an intellectual life, a system, 
to his perceptions of truth, to bring the intimations of 
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the heart into relation with the philosophic mind. This 
purpose becomes clearer still in a passage of the Prelude. 

I see by glimpses n-ow; wben age comes ob,, 

May scarcely see at all, and I would give? 

While yet we may, as fa-r as words caB give, 

A substance and a life to what I feel: 

I would enshrine the spirit of the past 
For fiitiire restoration.” 

{P f elude K, Xl. %U). 

It is a pathetic passage indicating, as it does, that even 
when he wrote it, before 1807, he felt the “visionary 
power ” was passing from him; it becomes yet more 
pathetic in the later version which reads, 

enshrining, 

vSiich is iny hope, the spirit of the Past 
For future restoration.” — 

(Prelude B, XII. 284). 

That “ restoration,” in the sense he used the Y^ord, was 
not to be; what he intended by it and what he meant by 
“ animation,” is evident from the Prelude A, II. 245 (a 
passage which contains a significant alteration, to which 
reference has already been made, in the later version) 

“ Emphatically such a being lives, 

An inmate of this active iiniverse; 

From nature largely he receives ; nor so 
Is satisfied, but largeb' gives again. 

For feeling has to him imparted strength, 

And powei’ful in all 8entiment.s of grief, 

Of exultation, fear, and joy, his mind, 

Even as an agent of the one great mind, 

Creates, creator and receiver both. 

Working but in alliance with the work-s 
mieh it beholds.”— 

The “ restoration ” of which he speaks is the awakening 
of the “ poetic spirit,” that “ shaping spirit of imagina- 
tion,” the loss of which Coleridge deplored in himself, and 
which Wordsworth no less was losing when he wrote those 
lines. 
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Enough has now been said to show that if we would 
“ extract a system ” we must examine the records of his 
experience which Wordsworth has enshrined for future 
restoration. Having done this, we may go on to ask what 
kind of explanation Wordsworth himself has to offer, bear- 
ing in mind, however, that the explanation was never 
worked out by him formally as he had intended to work 
it out in the final book of the Recluse; all we have is a 
tentative approach t-o an explanation in some passages of 
the Prehide and the Eoocursiou. 

The salient fact of Wordsworth’s experience is evi- 
dently his conviction of a life in things, a life which is akin 
to the life in mau., but deeper, wider and more intense. It 
is by contact with this life in things, or with Nature, that 
man grows in moral strength and wisdom and realises his 
true immortal being. At first this contact is through the 
senses; it is by the eye and the ear that man becomes aware 
of this life of Nature, and through the eye and ear — the 
language of the sense — that he can listen to the voice of 
Nature and learn from it In the Lines composed a few 
miles above Tin-tern Abbey, Wordsworth is 
“ well pleased to recoguise 
In nature and the language of the .sense, 

The anchor of iny piirest thonght.s, the nurse, 

The guide, the guardian of nty heart, and sotiI 
Of all my moral being.” 

Therefore, he tells us, he is 

“ A lover of the meadows and the woods. 

And mountains; and of all that we behold 
From this green earth; of all the mighty woild 
Of eye, and ear, — ^lioth what they half create. 

And what perceive; ” 

This latter passage introduces a new element; man is not 
merely recipient, but creative; he stands in Nature’s pre- 
sence 

“ A sensitive, and a creative .soul.” 

(Prelud.e A, XI. 206). 
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It is not quite true, it seems to me, to assert as Professor 
Garrod, for example, asserts, that Wordsworth is “ a pure 
sensationalist, ” regarding the senses as the source of truth. 
The lines in Tintern Abbey with their emphasis on the eye 
and ear should be read with passages such as that quoted 
above (Prelude A, II. 245) and many others where it is 
unmistakably assumed that reality is the result of an in- 
teraction, or 

“ intercliaiige 

Of action from within and from witliout, 

The excellence, pare spirit, and best power 
Both of the object seen, and eye that sees.” 

(Prelude A, XII. m) 

Here the “ eye ” means, I suggest, more than the sense; 
it implies the “ creative soul ” behind the eye. To under- 
stand this the account of the ascent of Snowdon and the 
meditation that follows in the last book of the Prelude 
should be read. The higher minds are 

“ By sensible impressions not enthrall’d;” 

They 

build up greatest things 
From least sug*gestions, ever on the watch, 

Willing to work and to be wrought upon.” 

That the “ soul ” as well as the “ eye ” is concerned in 
this intercourse with tlie “ great world of eye and ear ” is 
evident from the Ecccursion (IV. 109) where he recalls 

“ What visionary powers of eye and soul 
In youth were mine.” 

The manuscript Y, newly available, also throws light on 
this matter. There Wordsworth sketches, somewhat in 
the same manner as in Tintern Abbey, the growth of the 
true feeling for Nature, characteristic of the higher being, 
as distinguished from the mere animal delight of “ un- 
tutor’d minds.” In early days, 

” everyday appeai'ance.s, which now 
The spirit of thoughtful wonder fir-st peiTade.s, 

Crowd in and give the mind it.s needful food.” 


41 
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Later, “ contrasts strong and harsh ’’ are needed to make 
the “ Spirits dance vivid images and strong sensations 
must be given to rouse the “ untutor’d mind ” to recogni- 
tion of a life beyond its own; else, the man is 

“ his OAvn person, senses, faculties, 

Centre and soul of all.” 

It is this attitude that Wordsworth scorns in The Poet’s 
E'pitaph, the attitude of the man who relies on the “ meddl- 
ing intellect”; this mis-shapes the beauteous forms of 
things because it makes itself the measure of all things and 
does not perceive the life in them, 

“ Viewing all objects unremittingly 
In disconnection dead and spiritless.” 

Hence his quarrel in the same book of the Eoociirsion (IV. 
987) with 

“ Philosophers, who, though the human .soul 
Be of a. thoiisand faculties composed, 

And twice ten thousand interests, do yet prize 
This soul, and the transcendent iiniverse, 

No more than as a miiTor that reflects 
To proud self-love her own intelligence ; 

That one, poor, finite object, in the abyss 
Of infinite Being, twinkling restlessly.” 

It is important to get Wordsworth’s distinction be- 
tween this Intellect or secondary power, and the Reason 
or the mind’s excursive power, quite clear, in order to 
understand how the soul and eye co-operate so that we 
half-create and half-perceive. Of this secondary power 
he speaks to Coleridge in the second book of the Prelude 
B (II. 216) 

“No officious slave 

xirt thou of that false secondary power 
By which we multiply di.stinctions, then 
Deem that our puny boundaries are thing.s 
That we perceive, and not that we have made. 

To thee, unblinded by these formal arts. 

The unity of all hath been revealed.” 
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Science, in his belief, will be worthy of her name, when 

v ^ lier dull eye, 

Dull aucl iiiaiima.te, no more shall hang 
Chained to its object in brute sla,ver3" ; 

But taught with patient interest to watch 
The processes of things, and serve the cause 
Of order and distinctness, not for this 
vShall it forget that its most noble use, 

Its most illustrious province, must be found 

In furnishing clear gtiidance, a support 

ISTot treacherous, to the mind^s eivctirsive power. 

— So build we up the Being that we are ; 

Thus deepij' drinking in the soul of things, 

We shall be wise perforce. ” 

(Excursion^ lY. 1254). 

The “ wise passiveness ” in which we can “ feed this mind 
of ours ” is the passiveness of this secondary power of the 
mind; that other power, the excursive is wide awake, and 
by it w^e drink in the soul of things. The senses indeed 
are the medium of communication, but it is this power 
of the mind that uses their report, and it is by this power 
that 

sense is made 

Sixbsei’vient still to moral piii’poses, 

Ausiliar to divine,” 

Hence it comes that 

“ One impulse from a vernal wood 
May teach you more of man. 

Of moral evil and of g‘ood. 

Than all the sage.s can.” 

It does not seem to me, then, quite adequate to describe 
Wordsworth as a sensationalist; truth for Mm is derived 
from visionary potvers, certainly, bu6 visionary powers of 
eye and soul. 

To revert to MS. Y, and the second stage, to which 
the “ untutor’d mind ’’ of scientists and philosophers does 
not attain. 
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“ Then will come 

Another soul j spring, centre of his being, 

And that is ISfature. As his powers advance. 

He is not like a man who sees in the heavens 
A blue vault merely and a glittering cloud, 

One old familiar pageant, known too> well 
To be regarded/^ 

He takes the ‘' optic tube of thought/' and 

“ Without the glass of Galileo^ sees 
What Galileo saw; and as it were 
Eesolving into one great faculty 
Of being bodily eye and spiritual need, 

The converse which he holds is limitless; 

Not only with the fiTmament of thought, 

But nearer home, he looks with the same eye 
Through the entire abyss of tilings.’’ 

In this season of his second birth, 

He feels that, be his mind however great 
In aspiration, the universe in which 
He lives is equal to his mind;” 

all that he feels of dignity in himself, 

Sublimities, grave beauty, e-xcellence,” 

from which he gathers hope, 

There doth he feel its counterpart the same 
In kind before him outwardly express’d, 

With difference that makes the likeness clear,” 

We see now how Nature can, teach more than all the sages 
can, more effectively than art or history, for 
’tis not here 

Record of what hath been, is now no more, 

No secondary work of mimic skill, 

Transcripts that do but mock their aichetypes ; 

Buf primary and independent life.” 

This explains the exhortation 

“ Come forth into the light of things, 

Let Nature be your Teacher,” 

This conviction of “ a primary and independent life,” in 
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all about Mm was Wordsworth's earliest and most abidmg 
impressioii. We liaye the record of it in many places. 
There is that evening on Ullswater when 

a huge peak, black and huge, 

As if with volimtaiy power instinct 
TTpreared its head 

and , 

'' like a living thing, 

Strode after me.’'* 

Thereafter, for weeks, 

'‘ huge and mighty forms that do not live 
Like living men, moved vslowly through the mind 
day, and were a trouble to my dreams 

(Prelude, I. 400). 

He dramatizes this experience in the Ewctirsmi wMere the 
Wanderer 

In solitnde returning, saw the hills 
Grow larger in the darkness,” 

and 

While yet a child, and long before his time, 

Had he perceived the presence and the power 
Of greatness; 

At Cambridge, 

To every natural form, rock, fruit or flower, 

Even the loose stones that cover the high-way, 

I gave a moral life, I saw them feel. 

Or linkhl them to some feeling : the great mass 
Lay bedded in a quickening soxil and all 
That I belield respired with inward meaning. 

Thus much for the one Presence, and the Life 
Of the great whole.” 

(Prelude A, III. 130). 

Walt Whitman records a similar feeling, and perhaps he 
was thinking of this passage when he wrote, 

“ You paths worn iir the irregular hollows by the road-side ! 
I believe yoxr are latent with imseen existences, 

you are so dear to me.” 
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One other instance must suffice, the well-known Blea Tarn 
episode in the Eoscursion (II. 691), which must have been 
in the mind of Shelley when he wrote the similar lines in 
his “ Mont Blanc. The two peaks that peer into the 
Solitary’s vale and are his prized companions, seem to be 
the attraction of mute agents as busy about them as 
thoughts in the mind of man. They yield together a 
harmony though there be no voice; 

“ the cloxids, 

The mist, the shadows, light of golden suns. 

Motions of moonlight, all come thither— touch, 

And have an answer— thither come, and shape 
A language not xmweleome to sick hearts.” 

Hitherto we have been considering'’ passages that record 
the perception of a life in things or outward objects. How 
does this perception affect the mind, feed it? How can 
Nature be said to teach,” to he the “ nurse, the guide, 
the guardian ” of the heart and moral being? 

In the minor poems — those adjuncts of the main edifice 
in which the “system” is enshrined— Wordsworth 
appears mainly to draw “ lessons ” from, or moralize, 
Nature and natural objects in the manner of eighteenth 
and seventeenth century poets. He deduces his “ great 
task of happiness ” from listening to “ the thousand 
blended notes ” of early spring : 

“To ker fair works did Nature link 
Tke liuman soul that through me ran; 

And much it grieved my heart to think 
What man ha.s made of man.” 

He is compelled to think that there is pleasure all round 
him, in the birds, in the primroses: the voice of Nature 
bids him rejoice and he repeats the bidding to his fellow 
men, — take your temper from to-day and tune the measure 
of your souls to love. The daisy, the lesser celandine, the 

^Excursion published 1814: Mont Blanc composed 1816. 
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primrose on the rook have each their message of cheerful 
resignation, fortitude, peaceful acceptance; the lark soar- 
ing above its nest tells his heart to be true to the kindred 
points of heaven and home; the shouting cuckoo and the 
mountain echo waken the thought of 

‘ ' Echoes from beyond the grave ; 

Recognised intelligence.” 

In all these poems Nature may be said rather to stimulate 
the fancy or imagination than directly to inspire or 
influence the soul. In the Lucy group of poems the direct 
influence of Nature is more apparent. Here Wordsworth 
is in the line of Plato; beauty and grace in human life may 
grow by silent sympathy with the forms and motions of 
the visible world ; nature is both law and impulse, 

an overseeing power 
To kindle or restrain.’' 

In the Ewoursion we are shown in several passages how 
strength and peace of mind may be gained, or restored, by 
living , 

Fot witli the mean and vulgar works of Man, 

But with high objects, with enduring things, 

With life and nature, purifying thus 
The elements of feeling and of thought. 

And sanctifying, by such discipline, 

Jlotli pain and fear, until we recognise 
A grandeur in the beatings of the heart.” 

(PrehuJe A, I. 408) 

The Wanderer is intended to represent a man who lives 
habitually in this s])irit; he roams the countryside 

Where living things, and things inanimate, 

Do speak, at Heaven’s eominand, to eye and ear, 

And speak to social reason’s inner sense, 

With inarticulate language.” 

(Ereifrsio^U IV. 1205) 

(.Note, by the way, here, the' words at Heaven's com- 
mand they are indicative of the change in Wordsworth 
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at this date from his early natural piety to more conven- 
tional theology.) The effect of this habitual reference to 
universal or natural standards as more authentic than the 
narrower human instincts is evident in the Wanderer’s 
reaction to the sorrowful story of Margaret outside whose 
desolate cottage that story is told. At the most affecting 
point he breaks off and interposes, 

^Tis now tlie hour of deepest noon. 

At tMs sfill season of repose and peace. 

This hour when all things which are not at rest 
Are cheerful; while this multitude of flies 
With tuneful hum is filling all the air; 

Why should a tear be on an old Man’s cheek? 

Why should we thus, with an untoward mind, 

And in the weakness of humanity, 

From natural wisdom turn our hearts away ; 

To natural comfort shut our eyes and ears; 

And, feeding on disquiet, thus disturb 

The calm of nature with our restless thoughts? ’’ 

I. 591). 

And when the tale of suffering is over, 

Why then shoukV we read 

The fonns of thingvS with an unworthy eye? 

She sleeps in the calm, earth, and peace is here.” 

It is this peace, 

The central feeling of all happiness, 

Not as a. refuge from distress or pain, 

A breathing-time, Tacation, or a tnice, 

But for its absolute self ; a life of peace, 

Stability without regret or feai'; ” 

which Wordsworth seeks and believes may be found 
by listening to the inarticulate language of Nature. 

It may be objected and has been objected, against him 
that Wordsworth '' averts his ken ” from all those facts 
of the struggle for existence which would disturb his belief 
in Nature’s holy plan. He .was essentially of the 
eighteenth century in Ms -cosmological optimism, though 
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he broke away from its political quietism and could condemn 
with the loudest of the Romantic reformers “ the panic 
dread of change “ and the “ timid selfishness ” of those 
who regarded society as organised in the best of possible 
ways. Not yet had biological research revealed the cruel- 
ties of evolution and the remorseless indifference of Nature 
“ red in tooth and claw.” Not yet could it be said “ Of 
the Kosmos in the last resort, science reports many doubt- 
ful things, and all of them appalling.” 

For Wordsworth still at the end of that century as 
for Addison at its beginning 

“ The Spacious Firmament on high. 

With all the blue Ethereal Sky, 

xind spangled Heavhis, a Shining Frame, 

Theii' great Original proclaim.” 

(Addison) 

Yet Wordsworth would have had an answer to the ob- 
jectors and I am not sure that he has not already given one 
already by anticipation. The question of origins, so dis- 
tressing to the inhabitants of Dayton. Tennessee, would 
certainly not have given him a moment’s despondency. In 
the person of the Solitary (Excursion, III. 233) we can hear 
him say, 

“ 1, without reluctance, could decline 
Ail act of inquisition whence we rise. 

And w^hat, when breath hath ceased, we may become. 
Here are we, in a bright and breathing world. 

Our origin, what matters it? ” 

To those who exclaim, “ Ah! but there’s the rub! It is 
not a bright world 1” he would retort, again with the words 
of the Solitary, 

” I did not rank wuth those (too dull or nice. 

For to my judgment such they then appeared, 

Or too aspiring, thankless at. the best) 

Who, in this frame of human life, perceive 
An object whereunto their souls are tied 


42 
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In diseontented wedlock; nor did e'er, 

From me, those dark impervious shades, that hang 
Upon the region whither we are bound, 

Exclude a power to enjoy the vital beams 
Of present sunshine. ” 

In the face of all the cruel elements in Nature, 
that is, as they appear to man with his limited outlook, 
to the fury of the autumn winds and the bursting clouds, 
he affirms, 

Tour desolating sway 
Sheds, I exclaimed, no sadness upon me, 

And no disorder in your rage I find, 

What dignity, what beauty, in this change 
From mild to angry, and from sad to gay, 

Alternate and revolving ! How benign, 

How rich in animation and delight, 

How bountiful these elements — compared 
With aught, as more desirable and fair, 

Devised by fancy fo}‘ the golden age." 

Yes! that is the Wordsworthian answer. If this world is 
not always bright, it is breathing; if not kindly, it is 
always animated. Accept it, as the animals accept it: 

With Nature never do they wage 
A foolish strife; they see 
A happy youth, and their old age 
Is beautiful and free." 

Again he anticipates Walt Whitman, just as he anticipates 
Browning in '' the value and significance of flesh,'’ and 
Meredith in the acceptance of Nature, 

Granite the thought to stay 

That she is a thing alive 

To the living, the falling and strewn." 

It is to that life of Nature we come ultimately in our 
search for the central point of Wordsworth's philosophy. 
We have seen how Man has contact with that life through 
the co-operation of the sen^ses with his soul or excursive 
mind, and how that contact moulds his feelings and 
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strengthens his whole moral being. But so far that life 
has been regarded, even thus, as a life external to his own, 
linked in some mysterious way to the human soul, but not, 
in the strict sense, his own. In the passages which follow 
we advance to reality as Wordsworth conceives it, the 
transcendence of the senses, the time of ecstasy and union, 
when 

“ Communing witli tlie glorious universe ” 

man becomes a living soul ; his finite existence is one with 
the infinite, is “ possessed ” by it, or “ swallowed up ” in 
it. In this serene and blessed mood, 

tlie breatli of this corporeal frame 
And eYen the .motion of oiir hnnian Hood 
Almost suspended, we are laid asleep 
In body, and become a living soul: 

While with an eye made quiet by the poiver 
Of harmony, and the deep power of joy, 

We see into the life of things 

(Tinterfi Abbey), 

This passage written in 1798 may be compared with that 
in the Ewctirsion where he transfers to the Wanderer in 
youth his own experience at sunrise on a headland over the 
'sea. ' ' 

Far and wide the eloiids were touched, 

And in their silent faces could be read 
IJnntterable loYe. Sound needed none, 

ISTor any Yoice of joy; his spirit drank 
The spectacle; sensation, sonl, and form, 

All melted into him; they swalloY^ed np 
His animal being; in them did lie liYe, 

And by them did he live ; they were his life. 

In such access of mind, in such high hour 
Of visitation from the living God, 

Thought vras not; in enjoyment it expired.” 

(Kmumon^ I, 203). 

Elsewhere {Excursion, TV. 1140) he compares the Uni- 
verse to a shell murmuring mysterious union with its native 
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“ and there axe times, 

I doubt not, when to you it doth impart 
Authentic tidings of invisible things ; 

Of ebb and flow, and ever-during power; 

And central peace, subsisting at the heart 
Of endless agitation.” 

Here already the change is perceptible; we have “ authen- 
tic tidings ” instead of seeing into the life of things; it is 
“ to the ear of Faith ” that the universe is a shell. The 
contrast between the earlier and the later Wordsworth, 
between what he actually felt at his best and what after- 
wards he attempted by way of explanation of his feeling, 
may be seen by comparing two passages from earlier and 
later work. First, this characteristic declaration from 
Prelude A, V. 12, 

“ Hitherto, 

In progress through this Verse, my mind hath look’d 
Upon the speaking face of earth and heaven 
As her prime Teacher, intercourse with man 
Establish’d by the sovereign Intellect, 

Who through that bodily Image hath diffus’d 
A soul divine which we participate, 

A deathless spirit.” 

The “ spiritual sovereignty” of man, the “ digmty” of 
his being, his “ majestic” intellect and " unconquerable ” 
mind are frequently acclaimed in the years when these 
lines were composed, ?.e., before 1807. In Prelude A, III. 
193, he asserts 

“ there’s not a. man 

That lives who hath not had his godlike hours, 

And knows not what majestic sway we have, 

As natural beings in the strength' of nature.” 

Note that well ; we have majestic sway as natural beings 
in the strength of nature. 

Now turn for the contrast to No. XX of the Ecclesias- 
tical Sonnets, published in 1827, on Baptism-. 
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“ Dear be tbe Obnrcb that, watching o’er the needs 
Of infancjr, provides a tinaely shower 
"Whose virtue changes to a Chiistian Flower 
A Growth from sinftil Nature’s bed of weeds!”- — 

Gone is the majestic sway we have as natural beings in 
the strength of nature; what has become of the Heaven 
that “ lies about us in our infancy ” Here is indeed “ a 
heavy change” in Wordsworth, and as he changed, so 
he altered what he had written. The passage quoted 
above, characteristic as I have described it of his whole 
attitude at the time when it was composed, appears in 
the later version without the line 

“ A soul divine whicb we participate,” 
and, instead, we read 

“ As might appear to tbe eye of fleeting time, 

A deathless spirit.”' 

His confident conviction of participation in the divine soul 
of nature, nay, his perception of the divinity of that soul 
of nature itself, is now relegated to the limbo of illusion. 
Nature, 

“ The guide, the guardian of my heart, and soul 
Of all my moral being,” 

is now seen as sinful, a bed of weeds! What is the cause 
of this remarkable change ? Why does the Wordsworth of 
1814 or 1827 repudiate the Wordsworth of 1798-1807 ? The 
time factor is important. Up to the completion (yi Prelude 

A, i.e., up to 1807 Wordsworth was recording his ex- 
perience, putting down as exactly as he could what he 

had felt, seen, known, himself. And in this record he is 
unique for sincerity and honesty. His record rings true. 
It is not always clear, because he is trying to express at 
times that which cannot be expressed in words; in speaking 
of the deepest experience we can but appeal to the con- 
sciousness of another; we cannot narrate, v/e can only 
suggest, “ Is not this something like your own ex- 
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periencel” Wordsworth, is aware of this impossibility of 
full and clear communication. 

“ Of Crenius, Powei’, 

Oreaf ion and Divinity itself 
I have been speaking, for niy theme has been 
What pass’d within me. . ... 

but in the main 

It lies far hidden from the reach of words. 

Points have we all of ns within otir sonls, 

Where all stand single; this I feel, and make 
Breathings for mcommunicable powers. 

Yet each man is a memory to himself, 

And, therefore, now that I mnst quit this theme, 

I am not heartless; for there’s not a man 
That lives who hath not had his godlike hours. 

And knows not what majestic sway we have. 

As natural beings in the strength of nature,” 

{Preluie A, III. 1T3). 

Opening our memories, recalling our experience, we 
acknowledge the truth of his record. He has expressed 
what all of us in our “ godlike hours,” either in the 
presence of nature or in meditation withdrawn from all 
outward things, have felt of immediate union with a life 
greater than, yet including, our own, when the soul seems 
to emerge and takes possession of or swallows up the 
ordinary working self, and we are . . . what ? One 

with nature, one with God? Or merely visited bv God, 
or aware of God ? 

“ It lies far hidden from the reach of words.” 

How does Wordsworth try to describe this experience? 
Some of his attempts we have quoted. Here are some 
more 

“ I have felt 

A presence that disturbs me with the joy 
Of elevated thoughts; a sense sublime 
Of something far more deeply interfused, 

Whose dwelling is the light of setting suns, 

And the round ocean and the living aii'. 
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And the blxie sky, and in tlie mind of man : 

A motion and a spirit, that impels 

All thinking things, all objects of all thought, 

And rolls through all things/V 

(Tinterw Abbey), 

Often quoted as these lines are they must be quoted again, 
because they contain the record which Wordsworth ulti- 
mately chose, as it seems to me, as the basis for the 
metaphysical explanation of his experience, and we shall 
have to return to them. But the passages in Prehide A 
are no less significant; only now can we read them in their 
original form; in the later versions they are modified in 
accordance with the change in Wordsworth’s attitude. 

(q) I was only then 

Contented when with bliss ineffable 
I felt the sentiment of Being spread 
O^er all that moves, and all that seemeth still, 

. . . . . . for in all things now 

I saw one life, and felt that it was joy.’’ 

{Prelude A, II. 400). 

In the later version this becomes 

great the joy I felt, 

Commnning in this sort through earth and heaven 
With every form of creature, as it looked 
Towards the Uncreated with a countenance 
Of adoration, with an eye of love.” 

(b) “ I look’d for luiiversal things; perused 

The common count enanee of earth and heaven ; 

And, turning the mind in upon itself, 

Pored, watch’d, expected, listen’d ; spread my thoughts 
And spread them with a wider creeping; felt 
Incumbencies more awful, visitings 
Of the Upholder of the tranquil 8oul, 

Which underneath all passion lives secure 
A. steadfast life 

(Prehide A, III. 110). 

This seems to describe what I have called above the 
emergence of the soul; but in the later version Wordsworth 
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separates the Upholder from the Soul by continuing from 
“ soul ” thuS; 

“That tolerates the mdiguities of Time, 
AndfromthecentreoiEternity 
All finite motions overruling, lives 
In glory immutable.” 

{Prelude B, III. 121). 

This places God, the Upholder, outside the soul instead of 
“ underneath all passion,” and conforms with the con- 
ventional idea of God in his Heaven (the centre of Eter- 
nity), controlling the world as the moon sways the tides. 

(c) At Cambridge, 

“ Hush’d, meanwhile, 

Wa-s the under soul, lock’d up in such a calm, 

That not a leaf of the great nature stirr’d ” 

{Prelude A, III. 540). 

These lines do not appear at all in the later version. 

{d) In speaking of the pleasure he derived from the 
“elements of geometric science” at Cambridge and his 
attempts to find “an alliance of those simple, pure pro- 
portions and relations with the frame and Laws of Nature,” 
he goes on: 

“Yet from this source more frequently I drew 
A pleasure calm and deeper, a still sense 
Of permanent and universal sway 
And paramount endowment in the mind, 

An image not unworthy of the one 
Surpassing Life, which out of space and time. 

For touched by welterings of passion, is 
And hath the name of God. Transcendent peace 
And silence did await upon these thoughts 
That were a frequent comfort to' my youth ” 

(Prelude A, VI. 130). 

Here the “ Surpassing Life,” “ nor touched by welterings 
of passion ” may be. compared with the “ Upholder of 
the tranquil Soul” in (5), In the later version the 
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“ paramount endowment in the mind ” is reduced to 
“ paramount belief ” and the “ Surpassing Life ” is 
further removed from “ finite natures” by the addition 
of the lines, 

to tke boundaries of space' and time. 

Of melanclioly space and doleftil time, 

Superior, and incapable of change/’ 

The distance between God and Man is widened again. 

(e) After describing the break in the mist during the 
ascent of Snowdon {Prelude A, XIII. 67) he tells us: 

A nieditafion rose in me that night 
Upon the lonely Mountain when the scene 
Had pass’d away, and it appear’d to me 
The perfect image of a mighty Mind, 

Of one that feeds upon infinity, 

That is exalted by an undeipresenoe, 

The sense of God, or whatsoe’er is dim 
Or vast in its o%vn being.” 

In the later version this “ sense of God ” becomes “ recog- 
nitions of transcendent power,” and the vital conception 
of an “ underpresence ” is eliminated altogether. 

(/) In a MS. notebook are some lines which Professor 
de Selincourt prints in his edition (in the notes, p. 512). 
In these Wordsworth refers to the 

forms and images 

Which float along our minds, and what we feel 
Of active or recognizable thought/’ 

and states his belief that these are not '' our being/' 

“ Such consciousness I deem but accidents, 

Relapses from the one interior life 

That lives in all things, sacred from the touch 

Of that false secondary power by which 

In weakness we create distinctions, then 

Believe that all our punj?' boundaries are things 

Which we perceive and not which we have made; 

In which all beings live with god, themselves 
Are god, Existing in the mighty whole, * 


43 
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As indistingnishaMe as tlie- cdoiuUess East 
At noon is from the cloudless West, when all 
The hemisphere is one cernlean blue/^ 

The false secondary power '' has been incorporated in 

Prelude A, II. 216 (quoted above), but the rest of the 
draft remained iu MS. 

From all these passages together and specially from 
the last, the most explicit of all, it is possible to obtain ai 
clear view of Wordsworth’s experience; he tells us honestly 
what he felt in his moments of vision or ecstasy, without 
any thought of the inferences or deductions. When he 
came to review this experience and the language he had 
used in describing it, he realised what inferences and 
deductions might, inevitably would, be made. He was 
not prepared to honour those conclusions, to acknowledge 
them as his “ system.” A system “ in which all beings 
live with god, themselves are god ” — that was Pantheism ! 
And Pantheism meant the negation of God as defined by 
current theology and the Church. 

Such was the problem facing Wordsworth as he set 
about his philosophical poem. It was no new one, but 
Itefore he had been able to leave it unsolved in the eager 
composition of* his lyrics, expressing his feeling of Joy in 
nature, 

“ Contented if lie might enjoy 
The things which othei's imderstand.” 

In those happy days of infinite speculation in company with 
the volatile mind of Coleridge he had ranged through the 
mystic philosophers, and in all of them there -was a 
tendency to some form of Pantheism if one examined them 
with logical criticism. Hazlitt {Spirit of the Age, 1825) 
tells us what Coleridge was reading; Hartley’s “ tribes 
of the mind,” his “vibrations and vibratiuncles and the 
great law of association that binds all things in 
its mystic chain ” ; Cudworth, Malebranche, the 
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Platonists old and new. And wliat ColeTidge read, he 
talked about, and what Coleridge talked about, Words- 
worth brooded on and transformed in his own langiiage. 
The two friends were attracted by the root idea of 
Pantheism; the simile of the Aeolian Harf is a favourite 
one with both of them at this time. In his lines with 
that title (1795) Coleridge asks 

And what if all of animated nature 
Be but organic Hai'ps diYersely framkl, 

Tiiat tremble into thoiiglit, as o’er them sweeps 
Plastic and vast, one intellectual breesse, 

At -once the Soul of each, and God of all? ” 

A reminiscence of this occurs in Wordsworth’s account of 
his walk to Racedown in the first book of the Prelude; 

my soul 

Did once again make trial of the vstrength 
Restored to her afresh ; nor did she Want 
Eolian yisitations/’ 

Again in Religions Mnsings (1794) Coleridge addresses, 

Gontemplant Spirits! Te that hover o’er 
With nntired g'a^se the immeasurable fount 
Ebullient with creative Deity ! 

And ye of plastic power, that interfused 
Roll througdi the grosser and material mass 
In organimng surge ! Holies -of God ! 

(And what if monads of the infinite mind?)” 

How strangely, yet how characteristically of S.T.C., that 
metaphysical line is tacked on to the Miltonic apostrophe ! 
Wordsworth’s adaptation of Coleridge’s thought may be 
found in the famous passage of Tintern Ahhey and again 
in the Prelude A (I. 465) where instead of “ Gontemplant 
Spirits!” he addresses 

” Te Presences of Nature, in the sky 
And on tlie earth ! Te Visions of the hills ! 

And Souls of lonely plaoes I” 
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These, haunting him among his boyish sports, 

“ did make 

The surface of the unwersal earth 

With triumph, and delight, and hope, and fear 

Work like a sea.” 

Few examples could be found better to illustrate the way 
in which Wordsworth reproduces and transforms in his 
own more emotional and concrete language the intellec- 
tual conceptions of Coleridge. 

But in finding a way of escape from Pantheism while 
retaining his conviction of a life in things, a soul divine 
which we participate, Coleridge could not help him. 
Those very lines which we have quoted Coleridge brands, 
in the same moment as he utters them, as “ shapings of 
the unregenerate mind,” and prays that 

“ never guiltless may I speak of him, 

The Incomprehensible ! save rvhen with awe 
I praise him, and with Faith that inly feels; ” 

(Aeolian Harp.) 

There was no help in Coleridge. As early as 1802 he had 
lost all his joy in 

“ nature and the language of the sense ” ; 

he had come to believe, 

“ we receive but what we give. 

And in our life alone does Nature live .... 

We in ourselves rejoice ! 

And thence flows all that charms or ear or sight, 

All melodies the echoes of that voice, 

All colours a suffusion from that light.” 

This would never do for Wordsworth. He could not re- 
nounce thus 

“ the mighty world of eye and ear,” 

the active life in nature; that would be fatal to his whole 
faith. Yet how to reconcile this faith with the teaching 
erf the Church ? When he wrote Tmtern A hhey, the draft 
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of the Prelude miA the Ode on Intimations of Immortality 
from Recollections of Early Childhood, he had been con- 
cerned merely with expressing his own feeling. And he 
had felt— it is clear from all the passages quoted— that 
man is, by right of nature and not through any added 
act of grace, a divine being, a participator with the whole 
world of nature, animate and inanimate, in the life of 
God. It might be shown that such a belief is not contrary 
to the teaching of Christ; that, indeed, it is in accord with 
the most vital of His recorded sayings, such as 
“ Tlie Kingdom of God is witMii you.” 

What are these if not exhortations to realise the divinity 
in ourselves and to live habitually in the strength of this 
knowledge? However, the question whether Words- 
worth’s early faith is consistent with Christianity as taught 
by Christ, is one for the theologians to decide ; there is 
no doubt that it was inconsistent with Christianity as 
taught by the Church of England in the nineteenth century; 
I have little hesitation in saying that it would be repudiated 
as a dangerous heresy by that Church now. This was a 
serious consideration for Wordsworth. Etemember that 
he claimed to be a teacher; his poetry was to console the 
alHicted, to guide the simple. During the years that suc- 
ceeded his first settlement at Grasmere he had oppor- 
tunities of seeing how intimately the Church as a national 
institution entered into the common life of the people 
aro.ong whom, he lived. Let us not here Join in the gibe 
that it was the “ respectability ” of the established reli- 
gion, his desire to stand well with the temporalities and 
powers, (his brother Christopher was moving upward in 
the ecclesiastical hierarchy), that influenced Wordsworth 
and induced him to make those alterations in the MS. of 
the Prelude. One has only to read the Excursion to see 
how his own feeling had changed between 1806 and 1814. 
Partly, this change was due, as I have hinted, to his 
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perception of the social value of the Church, its civilizing 
influence, as well as of the very real comfort afforded by 
its dogmas and sacraments to those who accepted and 
used them. As an institution it was a substantial part oif 
the fabric of national life; its history was inseparable 
from the history of England, as his friend Southey was 
to show in his Book of the Church (1824). From shore 
to shore the steeple-towers and spires spoke to the 
“ thronged abodes of busy men ” and the “ rustic wilds ” 
alike as symbols of the spiritual world. As he thinks of 
them he exclaims, 

may ne’er 

Tha.t true succession fail of English hearts, 

Who, with ancestral feeling*, can perceive 
"What in those holy structures ye possess 
Of ornamental interest, and the charm 
Of pious sentiment diffused afar, 

And human charity, and social love.” 

{Ea^cursion, YI. .23). 

Partly, there was a change — deterioration, if you will— in 
his inward feeling. In the Ode he had lamented how the 
shades of the prison-house begin to close upon the growing 
Boy and the years bring the inevitable yoke. It is 

the most difficult of tasks to l^eep 
Heights which the soid is competent to gain ” 

The conviction of '' spiritual sovereignty ’’ had been 
shaken by the experience of life, till all he can confess in 
1814 is, ' 

Man is of dust; ethereal hopes are his,” 

(E^renrsion, IV. 138 — 140). 

The Ode to Ditty (1805) reveals the beginning of the 
process which is shown completed in the inscription Near 
the Spring of the Hermitage; 

“ TrouWed long witli wati-ing notions 
Long impatient of Thy rod, 

I resign my soiil’s emotions 

Unto Thee, myslerious God! ” (1818) 


WORDSWORTH’S METAPHYSieAL SYSTEM 343 

No wonder then that looking back to the draft Prelude he 
now found it not completed “ in such a manner as to 
satisfy his own mind.” His philosophical poem was de- 
signed to show how exquisitely the individual mind is 
fitted to the external world, and how exquisitely, too, the 
external world is fitted to the mind. He might claim to 
have shown that by the record of his experience in the 
poems and in the Prelude : but a philosophical poem must 
go further and give some metaphysical theory of the con- 
nection. The metaphysical basis upon which, apparently, 
he had been building seemed to him, now” that he came 
to examine it, too pantheistic in appearance. He had to 
find a theory that should account for the existence of a 
real life in nature and in man and the possibility of com- 
plete interaction or communion between them, while pre- 
serving distinct from either the life of God, who should be 
presented as influencing, controlling the life of man and 
nature, imparting, indeed, that life to them, yet — and this 
wms the danger-point— not as identical with either of them. 

He found, I suggest, the clue for which he was look- 
ing in the history of the conception of motion. He might 
well be led to this by reflection on the language in which 
he had himself attempted to speak of the one great life in 
man and things. Is not motion the one attribute of that 
life which appears most prominently in all the passages 
where he describes it, from the simplest lyrical utterance 
to the most impassioned outbursts of mystical fervour? 

“ To her fair works did Nature link 
The liniuau soul that through me van ” ; 

“ Authentic tiding, s of imdsiblc things; 

Of ebb and flow, and ever-during power; 

And central peace, subsisting at the heart 
Of endles.s agitation.” 

“ The mi.st, the shadow,?, light of golden suns. 

Motions of moonlight, all come thither — touch, 
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And Lave an answer— thither come and shape, 

A language ” . . . 

“■ And all 

That I heheld respired with inward meaning ” 

“ A motion, and a spirit, that impels 
All thinking things, all objects of all thought 
And rolls through all things.” 

Now we know from the Prelude (VI. 115, a portion of 
which is quoted above) that in his undergraduate days he 
was interested in “ geometric science” and specially 
delighted with 

“ that deal’ Synthesis built up aloft 
So gracefolly, even then when it appear’d 
No more than as a plaything, or a toy 
Embodied to the sense, not what it is 
In verity, an independent world 
Created out of pure Intelligence 

(Prelude A, VI. 162). 

Notice the “ even then evidently he came to value this 
“ Synthesis ” more in later years. The same increase of 
respect may be found in his references to Newton, the 
greatest figure in this history of the conception of motion. 
Wordsworth has not much to tell us about the intellectual 
influences of Cambridge, but he does mention the effect 
upon his mind of living where “spiritual men” had 
moved, and first of these spiritual men he mentions 
“ Even the great Newton’s own ethereal self.” 

That adjective “ ethereal ” is significant as we shall see 
later. Again he recalls his bedroom in St. John’s College 
whence he could see the statue of Newton in the ante- 
chapel of Trinity. In the first draft {Prelude A, III. 58) 
the impression was fresh and he gives particular details; 

“ And, from my Bedroom, I in moonlight nights 
Could see, right opposite, a few jmrds off. 

The Antechapel, where the Statue stood 
Of Newton, with his Prism and silent Face.” 
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On revision, in accordance with Ms usual practice he cuts 
out these particular details “ right opposite ” and “ a 
few yards off,’’ but adds two lines — among the best in the 
whole poem— which indicate, I suggest, that his apprecia- 
tion of Newton had deepened. 

“ And from my pillow, looking forth by light 
Of moon or favouring stars, I could behold 
The antechapel where the statue stood 
Of Newton with his prism and silent face, 

The marble index of a mind for ever 

Voyaging through strange seas of Thought, alone.” 

(Prelude B, III. 58). 

In the interval between the draft and the revision 
Wordsworth too had been voyaging through strange seas 
of Thought, and in that voyage he had found, I believe, 
a chart to steer by in the work of Newton. For Newton’s 
problem had been similar to his own. Let us briefly sum- 
marize it to show the similarity. In the physical 
philosophy of the eighteenth century there were, roughly 
speaking, two views of the relation of God, the creator, 
to the univervse, the creation — Natura naturans and 
Natura naturata. According to the one view, represented 
by Leibnitz, God makes the world a.nd then allows it to run 
as a machine runs. The Supreme Being is regarded “ as 
bearing the same relation to the Universe as a watchmaker 
bears to a watch.” According to the second, represented 
by Descartes and Boyle, God intervenes to keep the machine 
working, or to continue the metaphor, is constantly wind- 
ing up the watch and oiling its parts. 

Newton, as a theist and a churchman, deeply interest- 
ed in theological speculations, rejected this conception of 
the Universe as a machine. For him the whole universe 
was directly ardmated by God present in every part of it. 
In the Optics (Query 28) he speaks of God as “a Being 
incorporeal, living, intelligent, omnipresent, who, in 
infinite space, as it were in his Sensory, sees the things 
44 
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themselves intimately, and thoroughly perceives them and 
comprehends them wholly by their immediate presence to 
himself.” A recent writer, Mr. A. J. Snow, from whose 
book on '‘Matter and Gravity in 'Newton’s P'hysical 
Philosophy ” these excerpts from Newton’s works are 
taken, sums up his position thus: ” As man has a 
consciousness which is his Sensorium of action, so God has 
a soul which is space. But as ‘ God needs no particular 
organ to operate ’ as the human soul does, God and His 
divine Sensorium are the same; God becomes the ‘ Soul of 
the World,” being immediately substantially present 
everywhere — although Newton tried to guard, himself 
against Pantheism.” 

When Newton, at the end of his Principia comes to 
a metaphysical as distinguished from the mathematical 
theory of gravity, he rejects the Cartesian conception of 
Motion as an attribute of matter, — a mechanistic concep- 
tion at variance m th his view of God as ‘ ‘ a powerful ever- 
living Agent who being in all places is more able by his 
will to move the Bodies within his boundless uniform 
Sensorium and thereby to formi and reform the Parts of 
the Universe.” He puts forward, instead, the hypothesis 
of am immaterial principle or ethereal spirit (effluvium) as 
the cause of Motion. “ Hitherto,” he writes, “ we have 
explained the phenomena of the heavens and of our sea 
by the power of gravity, but have not yet assigned the 
cause of this power. This is certain that it must proceed 
from a cause that penetrates to the very centres of the Sun 
and planets without suffering the least diminution of its 
forces. . . . And now we might add something coti- 

cerning a certain roost subtile spirit which pervades and 
lies hid in all gross bodies by the force and action of which 
spirit . . . bodies attract ... cohere . . . Seeing, 
therefore, the variety of motion which we find in the world 
is always decreasing, there is a necessity of conserving and 
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recruiting it by active Principles, such as are the cause 
of Gravity.” Reading the words of Newton and recalling 
the words of Wordsworth, I am led, not fancifully I trust, 
to the conjecture that when Wordsworth was seeking for 
a metaphysical theory of his perception of the universal 
life as “a motion and a spirit that impels all thinking 
things, all objects of all thought, and rolls through ail 
things,” he found it in Newton. Like Newton he rejected 
the watchmaker conception of God ; he was aware of a life 
in things, he had felt miA seen; like Newton, again he 
wished to guard himself against the charge of Pantheism. 
Is it improbable, therefore, to conjecture that he saw in 
these ‘ ‘ active principles ’ ’ of New- ton the hypothesis that 
would solve his problem? Consider the impressiveness of 
the reference to Newton in the Prelude; does it not seem 
that there is a special significance in the adjective 
“ ethereal ” apphed to him, reminiscent of his hypothesis 
of “ ethereal spirits,” the term which he uses elsewhere 
for the “ active principles ” in the passage quoted? Con- 
sider again the language of that passage, — “ subtile 
spirit,” “ pervades,” “ hes hid in all gross bodies ” — ^is 
it not the very language which Wordsworth uses again 
and again? Surely, if he went back to read Newton again, 
as I believe he did, after w^riting the draft of the Prelude 
and before writing the Excursion, he would find that 
language congenial and the theory it enunciates appro- 
priate to his purpose. And he uses that theory, I believe, 
in the one passage in all his work in which he attempts 
to give a formal explanation. Elsewhere he is recording, 
as I have re-iterated, his experience, telling us what he 
has seen and felt. In the Excursion he begins the real 
work of his philosophical poem, to explain the relation 
between Man and Nature. And there is one passage in 
the Excursion which contains aU that he has to give us of 
formal explanation. It stands at the beginning of the 
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final (9tli) book, and is evidently intended to be the climax. 
The varying discourse of the Wanderer, the Solitary and 
the Pastor prepare the way for it, and the excursion on 
the lake with ite combination of beautiful scenery with 
human incidents provides the setting. It is the Wanderer, 
i.e., Wordsworth dramatized, who speaks. 

“as On© 

Who from truth’s central point serenely views 
The compass of his argument.’’ 

The 8th book closes with this preparation, and the 9th 
opens with the following lines, 

^ To every Form of being is assigned/ 

Tbns calmly spake tlie venerable Sage, 

An active Principle: — ^howe’er removed 
From sense and observation, it subsists 
In all things, in all natures; in the stars 
Of azure heaven, the unenduring clouds. 

In flower and tree, in evei'y pebbly stone 
That paves the brooks, the stationary rocks. 

The moving waters, and the invisible air. 

Whatever exists hath properties that spread 
Beyond itself, communicating good, 

A simple blessing, or wdth evil mixed ; 
vSpirit that knows no insulated spot, 

chasm, no solitude ; from link to link 
It circulates, the Soul of all the worlds.’’ 

Both in the language of this passage and in its thought, 
there is evidence, I submit, for the indebtedness of Words- 
worth to Newton, and this is the only passage in which 
he attempts a philosophical explanation of his belief. In 
it he achieves, as far as it could be achieved, the reconcile- 
ment of that belief with orthodoxy. The active principle, 
which subsists in all things and circulates from each to 
each, is assigned to every Form. In this way he avoids the 
identification of God with Nature, while providing an 
explanation of our feeling of participation in the life of 
Nature. He goes on subsequently to apply this explana- 
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tion to Ms favourite theme by showing, as the argument 
prefixed to the book has it, “ How lively this principle is 
in Childhood — -Hence the delight in old age of looking back 
upon Childhood.” 

With this explanation the great philosophical poem 
comes to an untimely end. He must have felt it was 
inadequate; he intended to proceed with his poem,— 
Dorothy’s letters show that, — ^but doubtless he realised 
more and more as time went on that his first instinct was 
right; he must be contented to enjoy; let others understand. 
In attempting the great theme he had essayed in his 
philosophical poem he was setting out on strange seas of 
thought, and he feared the currents might lead him to 
regions still stranger. He put back to port. “ It is not 
the Author’s intention formally to announce a system.” 
His biographers record that Wordsworth had little sense 
of humour; but was there not, perhaps, a smile on his 
austere face when he penned that conclusion to his preface 
“the Header will have no difficulty in extracting the 
system for himself? ” 




“SEND TO COVENTRY” : A NOTE 

BY 

AMAEANATHA JHA, M.A., 

Reader in English. 

There are many phrases in common use; while 
their meaning is clear, their origin is uncertain. One of 
such phrases is “ send to Coventry.” It is frequently 
used by many persons who know Coventry only perhaps 
as a centre of bicycle manufacture! Murray’s New 
English Dictionary, that monument of industry and 
accuracy, has the following entry under this phrase ; 

“ To exclude him from the society of which he is 
a member on account of objectionable conduct; 
to refuse to associate or have intercourse with 
him. So also ‘ to be in Coventry.’ [The 
origin of the phrase has been the subject of 
numerous ingenious conjectures. ... A prob- 
able suggestion refers to the circumstances 
recorded in quot. 164:7; a less likely source has 
been suggested in quot. 1691.] 

1647. Clarendon, Hist. Reb. VI. §83. ‘ At 

Bromigham a town so generally wicked that it 
had risen upon small parties of the King’s, 
and killed or taken them prisoners and sent 
them to Coventry [then strongly held for the 
Parliament].’ 

1691. Baxter, in Relig. Baxt. 1. 1. ‘ Thus when I 

was at Coventry the Eelgious Part of my 
Neighbours at Kidderminster that would fain 
have lived quietly at home, were forced to be 
gone, and to Coventry they came.’ ” 

36 | 
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It will be seen, thus, that the earliest reference recorded 
above is in Clarendon, 1647. The alternative origins 
suggested hardly seem convincing. During my reading of 
the Interludes, T came across a passage which probably 
suggests the real origin. The passage occurs in the 
Interlude of John the Evangelist. Yuell Counsayle says 
in this to Idelnesse : 

“ For sythe I came fro Bochester 
I have spente all wynnynge 
By our Ladye I wyll no more goo to Coventrj^ 

For there knaves set me on the pyllery 
And threwe egges at my hede 
So sore that my nose dyd blede.” 

On grounds of typographical style, the British Museum 
Catalogue fixes the date of this at circa 1565; but there 
is other evidence to suggest that the Evangelist cannot 
be dated later than 1557. The reference, so early, to 
Coventry as a town where one had eggs thrown at one’s 
head so sore that one’s ‘ nose dyd blede ’ indicates an 
earlier and another origin than those mentioned in the 
E. E. D. It is hardly likely that the reference in the 
passage can be to the Coventry Cycle of Miracle Plays or 
to the Coventry Mysteries, for the speaker, Yuell 
Counsayle, goes on to speak boastfully of his wanderings 
over 

Englande tliorowe and tjhorowe 
Vyllage to-wne cy tie and borowe/’ 
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THE MUSLIM LAW OF LEGITIMACY AND 
SECTION II2 OF THE INDIAN EVIDENCE 
ACT 

BY 

Dr. MAHOMED ULLAH IBN S. JUNG, M.A., LL.D., 

B ABPa STEE- AT-Ij A W , 

Reader in Laiv. 

The conflict between the principles of the status of 
legitimacy under the Muhammadan law and the provisions 
of section 112 of the Indian Evidence Act is well-known 
to all lawyers. We are not here concerned ■with the merits 
of either of the Muslim law of legitimacy or that of 
section 112; we propose to examine the correctness of tlie 
view held by the Allahabad High Court (48 All., p. 625, 
1926, Sibt Muhammad v. Muhammad Hameecl ): “ On 
a question whether a Muhararoadan child born within six 
months of the marriage of his parents was to be considered 
legitimate, section 112 of the Indian Evidence Act 1872 
applied and the child was legitimate.” This decision is 
of importance, it is against the fundamental principles of 
the Muslim law as administered by the Courts in India. 
There is no doubt that section 112 ^ of the Indian Evidence 
Act has introduced the doctrine of lerjithnatio per subse- 
qiiens mat rim on mm. But this doctrine is not recognised 
by the Muslim law.^ Section 112 adopts th-e period of 

1 Section 112 is follows: “ The fact tbat any person was 
born (Inrinc the continnance of a 'valid roarriaEro between his 
mother and any man, or within two hundred and eis-hty days after 
its di.ssolution the mother remnininsr rniinarried shall be conclusive 
proof that he is the Ic.g^itimate son of that man unless it can be 
shown that the parties to the marriage had no access to each other 
at any time when he conld have been heg-otten.” 

2 Ameer Ali, Muhammadan Law, vol. IT, p. 234: “Section 
112 of the Indian Evidence Act embodies the English rule of law 
and cannot he held to vary or supersede by implication the rules 
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birth as distinguished from the period of conception as a 
deciding factor in determining legitimacy. In other words 
a child not conceived in lawful wedlock is legitimated by 
subsequent marriage. However, in the Muslim theory of 
jurisprudence the question of legitimacy is to be determined 
with reference to the period of conception and not to the 
birth of the child. That is, the issue must be conceived 
in lawful wedlock to render it legitimate. 

According to the Muslim Section 112 of the Indian 
law the following conditions Evidence Act lays down 

are essential to establish the law thus: 

legitimate descent: — 

1 . There must be a lawful It assumes the existence of 

marriage, that is saMh a valid marriage and a 

and not latil (void) and child born during its con- 

in the case of fasid tinuance is therefore legi- 

marriage the issue is timate, e.g., a child born 

also considered legiti- say one day after mar- 

mate. riage is legitimate. 

2. The child must be born 

six months from the 
date of maiTiage in the 
case of saMh marriage 
and in the case of 
marriage the period of 

of Muhamiiiadan law the Miislira law- does not recognise 

the doctrine of legitimatio per auhsequens ■matrirnonium.” 

Allahdad Khan’s case, 10 AIL, p. 289 (on page 342) : “ No 

such rule is known to the Muhammadan larv and w-e should really 
be introducing doctrines foi'eign to that system if influenced by 
the analogies furnished by the Roman, the French or the Scotch 
law of legitimation, we were to place acknowledgment of parentage 
under the Muhammadan law on the same footing as the rule of 
legitimation per suhsequens 'niatrimonmm rests on in the foreign 
systems of law.” 
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six moiitlis is to be 
reckoned from after 
consummation of mar- 
riage. 

According to the SMali 
law the child must be 
born six months from 
the date of consumma- 
tion of marriage.^ 

^ Tie Holy Koran lias tlixis 
fixed the niinininm period of six 
months. 


Holy Koran (Maiilvi Miiliam- j 
Biad Ali/p. 802 and p. 969): — 

Part XXI, ch. XXXI, Verse 
14 : And we have enjoined on 
naan in respect of his parents— his 
mother bears him with f aintings 
upon faintings and his weaning 
takes two years saying, B© 
grateful to Me and to both your 
parents to Me is the eventful 
coming.”' 

Part XXYI, eh. XLVI, verse 
15: And we have enjoined on 

man the doing of good to his 
parents, with trouble did his 
mother bear him and with trouble 
did she bring him forth and the 
l)caring of him and the weaning 
of him was thirty months.” 


%jc w A ! t y - ■•W.5 ^ A o ^ 

j 


- ! njjXJ 1 ^ 

^ SiflKXX4.st^ 

. ' "”" AiliiJ sdt AliIlLiE ^ iStili 




What is the earliest viable age? Dr. T.yon (Aledical Juris- 
prudence, p. 279) says: ^^(1) That there is no doubt but that a 
child born at or after the 210th day of uterine life may be reared; 
and (2) that the evidence afforded by recorded cases so strongly 
supports the view that children born as early as the ISOth day may 
be reared, that the possibility of this cannot he denied. As regards 
the question of viability^ before the ISflth da 3 ‘ it should be noted 
that the validity of the evidence afforded bj?- cases cited to prove 
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3. The natural period of 

gestation^ is nine to ten 
months. 

This is the rule of Shiah 
law also. 

4. Absolute non-access is a 

good ground for dis- 
claiming paternity and 
further by the procedure 
of IV an the husband can 
also disclaim paternity 
of a child born to his 
wife. 


It limits the period of gesta- 
tion to 280 days after the 
dissolution of marriage so 
as to render the child 
legitimate. 

It considers absolute non- 
access to each other as the 
only ground to establish 
illegitimacy. 


If we hold that section 112 supersedes the l^.Iuslim 
law, some interesting results follov'. Section 112 contem- 
plates marriages into two divisions that is 
Seotio" 112 and qj. yoid, while tlic Musliiu law sub- 

vfl liu Tn3 i 

divides marriages into three categorieB, i.e,. 


early viability mainly depends on the accuracy with vdiich the 
date of conception is determined^’ Dr. Oiitrepont rncntioiis a 
case in which a viable child was born 175 days aficr the last 
menstruation. The famous Jardine’s ease is the rearinfiif of a 
174-day child. The period of six months fixed by Muslim law 
is after all not ridiculous, thoii^li it should be noted that I ho Tvoraii 
has not exactly fixed the earliest viable age, it is inieired ti om 
the above two passa^ges of the Koran, viz,, the ^leriod of 2 years 
and that of 30' months, on subtraction wo get six months. .Vci oid- 
ing to the Fatawa-Kazi Khan the months ai'o rcf'koned wiili rclor- 
ence to the moon, hence the period need not he full ISO days. 

.According to the Code Kapoleon the shortest period is ISO 
r'days.';.,;/; ■ , 

^ Areording to Imam Abu Hanifa iho maximum |)oriod of 
gestation is 2 years; this is with a view to cover abnoicial 
The Jsfaliki juri.sfs had fixed 4 years but in Aln'oria Kn^i.s ad- 
ministering Maliki law have adopted ten months. Vide Ameer 
All’s Muhammadan Law, voL II, p. 224. D’Ohsson, Tableaux 
Gen. de I’Empire Othoman, voL III, pp. 102-3. 

The Code Napoleon, Art. 312, has fixed 300 days. 
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'sahili (valid), fasid (irregular) and l}atil (void). It 
folloivs thus that the fine distiiiGtion maintained in the 
Hanafi system between sahih, fasid and batil marriages 
must cease to exist, and they must be made to fit into two 
categories either valid or void. Our difficulty is further 
augmented when we come to realise that there is no defini- 
tion of valid marriage given in the Evidence Act. 

Hoivevar it will be granted that in every case the test 
of validity of marriage will be determined in accordance 
with the personal law of the parties; that is, in the case 
of the Muslims their personal law would be applicable. 
For instance, no Court of law would hold a marriage of 
a person with his own sister as valid in spite of the cere- 
mony of marriage, for it is within the prohibited degree. 
A married -woman that gave birth to a fully developed child, 
say within a montli from the date of her marriage, was 
pregnant long previous to her marriage. According to 
section 112 such a child is considered legitimate, but for 
section 112 to apply the marriage must be a valid marriage. 
Flence the question simply resolves itself into a simple 
proposition whether marriage with a pregnant woman is 
lawful under the Muslim law? According to the Muslim 
law it is unlawful to marry a pregnant woman when the 
author of the pregnancy is known; in other words, when 
it is known by whom the woman has been rendered 
enceinte, nobody is to marry her until delivery. 

a.g., A is pregnant iTom B. And if A marries C, tke marriage 
is void. However a. person wlio has rendered a woman pregnant 
may lawfully marry her. 


The Fatawa-i-Alamgiri 
says : 

It is unlawful to marry a 
pregnant woman when the 
author of pregnancy is 
known. But if a man mar- 
ries a pregnant woman, then 


liaj Sf^^l 
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no cohabitation is permis- 
sible till delivery. However, 
if the person who rendered 
her pregnant were to marry 
her, then sexual intercourse | 
is allowed. 1 

The Fatawa Kazi Khanj 
says: A man marries ai 

woman and then she gives | SUi ys 

birth to a full-grown child in i . / 

less than six months from the i '* * 

time of marriage, then ac- 
cording to Imam Muhammad 
and Abu Yusuf the marriage 
is not valid. j 

Mr. Shama Churun Sircar observed : 










Xi 


If a Muham- 
madan should have carnal connection with a woman, get 
her with child and then marry her; the child is not law- 
fully affiliated to him.”^ (Sharaya-ul-Islam.) The Hanafi 
jurists would however here introduce the rule of six months 
and hold that if the child was born after six months from 
marriage and the man does not proclaim or say that the 
issue was the result of previous illicit connection, then the 
benefit of doubt will be given to the child and it will be con- 
sidered as a legitimate issue. But if the child was born 
within six months from the date of marriage then without 
any doubt the issue would be considered illegitimate.- 
Mr. Ameer Ali has mentioned a very interesting case 
on this point ; 

“ One Bakhta bin Yahya was married to Ahmad bin 

1 Tagore Law Lectxires, 1874, p. 273. 

2 As reg-ards a woman who invariaWy commits zina, who lives 
the life of a prostitute, the accepted view is that if such a woman 
is maiiied, then no matrimonial intercourse is allowed till her next 
period of menstruation so as to ascertain whether .she xvas pregnant 
prior to her marriage or not. 
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Bayad on the 14th of April, 1864, three months after her 
separation from her first husband Abdul Kadir. On the 
9th of July, 1864, she was delivered of a child. This 
circumstance came to the knowledge of the Kazi on the 
13th of July. . . . He thereupon declared the marriage 
between Ahmad a,nd Bakhta to be dissolved and their 
persons to be forbidden to each other a-ccording to the 
Maliki doctrine.”^ 

Thus we see that for section 112 to apply, the validity 
of marriage would be determined according to the Muslim 
law, and in the majority of these cases marriages in which 
children were born within the period of six months from 
the date of marriage of their parents would be instances 
of invalid marriages. That is, the woman in those cases 
was not at that time a fit subject for marriage. 

Of the writers on Anglo-Muhammadan law, we have 
already seen that Ameer xAli holds the opinion that section 
112 cannot be held to supersede the Muslim law. Sir 
Roland Wilson is of the same opinion; he says, “ The rule 
of the Indian Evidence Act,\ section 112 ... is not- 

withstanding its place in the statute book a rule of sub- 
stantive marriage law rahher than of evidence, and as 
such has no application to Muhammadans so far as it con- 
flicts with the Muha.mmadan rule that a child born vnth- 
in six months after the marriage of its parents is not 
legitimate.”® 

Mr. D. E. Mulla however holds the contrary view.® 
Mr. E. B. Tyabji is not definite on this point. The trend 
of his arguments has been throughout in favour of main- 
taining the Muslim law intact. But in his concluding 

1 Muhammadan Law, vol. U, p. 395.. 

2 Anglo-Mxihammadan La|sr (Digest) , p. 161. 

3 Principles of Muhammadan Law, p. 135. This is an ele^ 
mentary book and Mr. Mulla has not considered the effect of 
upholding section 112 on the general law of marriage and 
inheritance at all. 
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remarks the learned author seems to support the contrary 
view. In fact there is a serious discrepancy between the 
same passag'e as printed in the 1st edition and that in the 
2nd edition. 

The text in the 2nd edition,^ p. 267, is as follows : 

“It is difficult to resist the conclusion that the 
Indian Evidence Act, section 112, was draft- 
ed without giving a thought to a framework 
in which it would have to be set if it is to dis- 
place the Muhammadan law on this point. 
But this omrsight can hardly he a ground for 
disregarding its 'provisions.” 

This italicised sentence is thus expressed in the first 
edition,* p. 179, “ It is almost as difficult to 
decide whether this oversight can be a ground 
for disregarding its provisions.” There is a 
vast difference between these two sentences. 

It is probable that at the time Sir Fitzjames Stephen 
drafted the Indian Evidence Act, the Muslim Jurists of 
India were not consulted as to the framing of section 112. 
It seems to me that section Il2 was drafted without giving 
a thought to the Muslim law of legitimacy. 

Section 1 of the Indian Evidence Act says that, “ It 
eixtends to the whole of British India and apulies to all 
Judicial proceedings in or before any Court.” This passage 
itself suggests that its provisions were not intended to 
supersede any substantive rule of law except those govern- 
ing Judicial proceedings. The Muslim, law of legitimacy 
is an integral part of the Muslim law of marriage and 
inheritance. This was the viev/ expressed by the three 
Judges in Muhammad Allahdad’s case 10 All., 289 
(1888), and discussing the Muslim law of acknowledgment 
of parentage Mr. -Justice Straight held : “ Now I do not 

^Principles of Mnhammadan Law. 
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hesitate to say having’ very carefully considered the 
language of their Lordships’ judgment that they unhesi- 
tatingly adopt the view that the rules of Muhammadan 
law relating to acknowledgment by a Muhammadan of 
another as his son or daughter as the case may be are rules 
of substantive law. . . . 

And in the same case on page 339 Mr. Justice 
Mahmud referred thus to section 112. “ It may some day be 
a question of great difficulty to determine how far the pro- 
visions of that section are to be taken as trenching upon 
the Muhammadan law of marriage, parentage, legitimacy, 
and inheritance, which department of law under other 
statutory provisions are to be adopted as the rule of deci- 
sion by the Courts in British India. Fortunately the diffi- 
culty does not arise in this case.” We all know that those 
statutory provisions which make it incumbent on the Courts 
in British India to administer the Muslim law are posterior 
in date to the Indian Evidence Act, hence in the case of 
direct conflict the Muhammadan law should be upheld. 
It is a well-established presumption that subsequent enact- 
ment do not override prior ones unless they profess to 
abrogate the previous provisions. 

There is a case reported in the Indian Cases, vol. 43, 
p. 883 (1917), decided by Mr. Stanyon, Judicial Com- 
missioner, Nagpur, in which the learned Judge comes to the 
correct view that “ Neither paternity nor legitimacy can 
be obtained by adoption and a child begotten by zina can- 
not be made legitimate by subsequent marriage of its 
parents before its birth, section 112 of the Indian Evi- 
dence Act being inapplicable to Muhammadans.” This 
is a reported case prior to the decision of the Allaha- 
bad High Court (48 All.j p. 625), but it was not noticed 
by the Hon. Judges.^ 


110 AIL, 289. 

2 The learned judges observe, on page 628, “ The question 
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So far I have not discussed what would be the effect 
of section 112 on the fasid. marriages of the 
Section 112 and Muslim law. We have noticed that as 

fasid marriages. 

regards sahih marriages tiiie rule of six 
months is to apply after the date of marriage, but 
in the case of fasid marriages this rule is to apply 
after actual cohabitation. The rule operates more 
strictly in the case of fasid marriages. In the case 
of a fasid marriage iddat and dower becomes obligatory 
only after cohabitation (prior to that it is treated as devoid 
of legal consequences) and the issue of the union subject 
to the six months’ rule is considered legitimate. 

Now if section 112 were to apply to fasid marriages 
also, then the well-recognised distinctions between sahih 
and fasid marriages would automatically cease to exist. 
This point also came before the Court for the first time in 
a case in 1926 and happily the judges of the Chief Court, 
Lucknow, have decided it correctly (Musammat Kaniza v. 
Hasan Ahmad, The Indian Law Reports, Lucknow Series 
(1926), Vol. I, p. 71). 

The Court held that “ Section 112 of the Evidence Act 
cannot be applicable in any way to the marriage which is 
neither void ad) initia, latil nor absolutely void but is fasid, 
i.e., irregular, inasmuch as section 112 is based on a divi- 
sion of marriage into two categories (valid and invalid) 
and cannot be applicable to Muhammadan Law which 
divides marriages into three categories, viz., void ab initio 
(batil), fasid, and valid. In any case if section 112 can 
be held applicable, then the word ‘ valid ’ in that section 
should be construed as ‘ flawless ’ so that the presumption 
would not apply to fasid marriages.” 

Consequently my conclusion is that section 112 of the 

how far section 112 of the Evidence Act is to he tahen as over- 
riding the rules of Muhammadan Law does not seem to have been 
determined in any reported decision.” Vide also Hajira Khatnn 
V. Amina Khatun, 73 I. C., p. 982. 
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Evidence Act should not be held to apply to saJiih and fasid 
marriages contracted under the Sunni Law. 

Let us proceed to examine the effect of holding that 
section 112 supersedes the Shiah law^ of legitimacy. The 
Shiah jurists divide valid marriages into two 
Section 112 Categories; (1) permanent marriages, (2) 
temporary marriages muta‘. We know 
that a muta' marriage is radically different 
from permanent marriages, if or muta' is contracted for a 
fixed time or period, e.g., for a day, month, or for two 
years. While a Muslim cannot marry more than four by 
permanent marriages, there is no limit fixed as regards 
muta‘ marriages. The muta‘ wife does not inherit at all. 

There is no divorce in the 7 nuta‘ form of marriage.^ 
Neither ila nor Wan- is applicable to the muta‘ wife. The 
children are legitimate as in the case of permanent union. 
If section 112 is considered applicable to the muta‘ 
marriages, then the distinction between permanent and 
temporary marriages ceases to exist in the Shiah law. If 
not, then it follows that the Muslim law will apply to 
muta‘ marriages and section 112 only to permanent mar- 
riages. Thus there would be two different rules instead 
of the Muhammadan law of paternity. 

In short it cannot be maintained that section 112 
applies either to the Sunni law or to the Shiah law.^ 

So far we have analysed the application of the 


1 But tlie marriage could be dissolved by tbo doctrine of tbe 

gift of term,,.. ■ 

^ What about this peciiiia.r case of the vShiah la.w cited by 
Mr. Shama Charan Sii*car, Tagore Law LectureSj 1874, p. 274: 
“ If a Ilian should erroneously cohabit (with a wu)iiiaii w-lio is a 
stranger) supposing' the woman to be his wife or his slaTe and 
she should produce a child, its pai’entage is established in him.^^ 
How is the case to he determined by section 112 of the Indian 
Evidence Act? 
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six months’ rule with referencje to section 112 of the Evi- 
, dence 'Act; we proceed now to discuss the 
l>®Hring of the other provisions of section 112 
on the general Muslim law. Section 112 
limits for conclusive presumption the period of gestation 
to 280 days after the dissolution of marriage to render the 
child legitimate. Now assume the child is born after 285 
days, then under the Evidence Act it is a question of fact 
for the Court to determine whether it is illegitimate accord- 
ing to section 112; but according to the Muslim law of 
legitimacy such a child is undoubtedly legitimate. Be- 
cause the Shiah jurists and majority of the Sunni jurists 
hold the m.aximum period to be ten months, the Code 
Napoleon has also fixed 300 days. It is not so easy to de- 
cide how long may human gestation be prolonged. Guy ob- 
serves that of 14 authentic cases the minimum duration 
was 270 days, the maximum 293 and the average 284 days. 
According to Wharton and Stille, in 19 cases the duration 
was 280 days, in two cases it was 291 days, and in three 
296 days. Dr. Lyon discussing the longest period of 
gestation points out that “ it may be regarded as proved 
that this may be 296 days.” 

Most authorities agree in considering that the 
interval may be as long as 44 weeks or 308 days. 

Some authorities consider that the interval may 
extend to the forty-sixth week, 315 to 322 days.^ 

Consequently even the natural maximum limit fixed 
by the Shiah jurists that of ten months and accepted by 
many of the Sunni jurists cannot be said to be conclusive 
and the Hanafi jurists in such abnormal cases fall back 
on the dictum of Imam Abu Hanifa that the birth must 
take place within 2 years after dissolution or divorce of the 
woman. However, from this we cannot argue that the 

i Medical JiirispriideBce, p, 277. 

See also Taylor’s Medical Jurisprudence, p. 60. 
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great Imam has fixed 2 years as the longest period of gesta- 
tion because this rule is to be read together with the provi- 
sion that while observing the period of iddat the woman 
must declare that she is pregnant. This fact is to be de- 
cided within the period of iddat. And if after declaration 
the woman were to continue enceinte and exceed the 
natural maximum limit of gestation, the case would then 
be fully covered by the 2 years’ rule of Imam Abu Hanifa. 

Here are two instructive cases from the Fatawa Kazi 
Khan: 


A woman says during the 
iddat for the death (of her 
husband) “ I am not preg- 
nant ” and then says (during 
the iddat) the day after “ I 
am pregnant ’ ’ ; her latter 
word shall be accepted (and 
her iddat which in the event 
of her not being pregnant 
would have been four months 
and ten days will now extend 
to the period of delivery). 
But if she says after four 
months and ten days (which 
is the period of iddat for 
death) “ I am not preg- 
nant ” tod and then says 
“ I am pregnant ” then her 
latter word shall not be ac- 
cepted (to establish her con- 
ception from the husband) 
except when she gives birth 
to the child at less than six 
months from the date of the 
death of her husband and 
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then (that is, in the event of 
her giving birth as aforesaid) 
her birth shall be accepted 
(that is, the conception shall 
be regarded as from the hus- 
band) a-nd her admission re- 
garding the expiry of the 
iddat (involved in her expres- 
sion that she was not preg- 
nant made as above) shall be 
void (and the parentage of 
the child shall be establish- 
ed in her husband) d 

“ A woman has been di- 
vorced by her husband thrice 
and she is an Ayisa (or a 
woman whose monthly course 
has ceased) ; she then after a 
few months gives information 
(that is, expresses herself be- 
fore the people) that her 
iddat which was reckoned 
with reference to months has 
expired; she then gives birth 
to a child (at more than two 
years from the divorce). Aboo 
Yusoof on whom be peace 
says her iddat shall expire by 
the birth of the child and the 
child shall not belong to the 
husband except when he 
claims the child.* 


Slyo! 

Jlis 


^ Mouhi Maliomed Ttisoof, Tagore Law Lectures, 1891-93, 
2 Ibid., p. 136. 
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The rule of non-access is I’ecognised by the Indian Evi- 
dence Act. It is also recognised by the Mus- 

.llie rule ol , ^ 

jioa-aooess, of iim law. Section 112 does not in terms refer 
Iho Mu. slim to the presumption being rebutted if the 
■ husband be impotent. However access means 

sexual intercourse and it is negatived by the fact that the 
husband was impotent. 

It is the rule oif the English law that the declaration 
of a father or mother cannot be admitted to bastardize the 
issue born after marriage.^ 

In a recent case Warren v. Wa.rren (1925) Probate, 
Divorce and Admiralty Division, p. 107, the Court held 
that “A wife's admission that she had committed 
adultery even if accompanied by a statement of her belief 
that a child subsequently born was the result of the adul- 
tery, cannot basitardize the child without evidence of the 
non-access of the husband.” Both these rules are inapplic- 
able, for the Muslim law gives an absolute power to the 
husband in those cases where it is difficult to establish non- 
access to disclaim the paternity of the child born in accord- 
ance with the procedure o f li‘an. If section 112 is held to 
supersede the Muslim law, then the procedure of 
li‘an must cease to exist. “ ATo-a,'” says BaiUie, “are 
testimonies confirmed by oaths on both sides referring to 
a curse on the part of the man which is a substitute for 
the Jmdd-ool-kuzf or specific punishment for scandal, and 
for ghuzid) or wrath on the part of the woman which is 
a. substitute for the hudd-ooz-zina or specific punishment 
for adultery.'"^ When the husband accuses his wife of 
adultery, and when both have reciprocally made Wa/ti then 
the husband has the option of divorcing his wife. If he 
refuses, then the Court must dissolve the marriage. The 


^ Groodi'iglit’.s ease per Lord Mansfield. 

2 Digest- of Mithaminadan Law, p. 335. 
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effect of is that the paternity of the child bom to the 

wife is not established. ' 

lij.g., A consummated his maniage with B. B within A’s knowledge 
has committed adultery and issue is born to them. 

The child’s paternity is established in A ; but he can disclaim 
it by li‘an. 

btrictiy speaking the procedure of H'mi is inapplicable in 
British India, unless the Court takes advantage of the 
Oaths Act X of 1878. However the Allahabad High 
Court has recognised the law of Wan and held that 
“A Muhammadan wife is entitled to bring a suit 
for divorce against her husband and to obtain a decree for 
dissolution of marriage on the ground that the latter has 
falsely charged her with adultery.’’^ 

It is a peculiarity of the Muslim law that it permits 
the husband to disclaim a child born to him from a wife 
lawfully married. As a matter of fact 
legiumaor legitimacy as understood by the Muslim 
jurists stands on a different footing to the 
conception of legitimacy imder the English law or to that 
in section 112 of the Indian Evidence Act. According to 
the English law legitimacy attaches to the child, it fixes 
its relatiomhip with both its parents. Whereas the 
Muslim law speaks of the relationship and of two distinct 
relationships, viz., paternity and maternity. 

Under the Sunni Law there is no such thing as an 
absolute illegitimate child, that is, a child is alw'ays 
legitimate to its mother. In other words, the so-called 
illegitimate child always inherits from the mother. 

According to the English law the child of an unmar- 
ried woman is always a bastard, but under the Muslim law 
maternity cannot te disclaimed, whereas paternity admits 

I A.L.J.R., Vol. XVII, T8. Zafar Husain c. Ummat-ur- 
Rahman; also 41 All., p. 278. Vide a recent case where the law 
of li‘an is discussed. Rahima Bibi v. Fazil, 48 All., n. 834 
(1926). 
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of the possibility of being -disclaimed. When the father 
has disclaimed a child, it does not affect its right of in- 
heriting from its mother. This novel conception finds no 
place in the laws of marriage of any other legal system. 
Acknowledgment of paternity and the disclaimer of 
parentage are both fully recognised by the Muslim law.^ 
As regards acknowledgment of paternity, the Muslim 
jurists maintain that the offspring of illicit intercourse 
cannot be acknowledged. This view has been recognised 
by the Privy Council and by the Indian High Courts.^ 
Thus in no case can an illegitimate child benefit from his 
alleged putative father. 

The Muslim law insists on the purity of conception — 
a child must be conceived in lawful wedlock. All bond fide 
cases of error or doubt, that is, all marriages contracted 
in ignorance of the fact that the woman was prohibited 
are instances of fasid marriages and the issue is accord- 
ingly legitimate, hence it can be said that to this extent 
the Muslim law disfavours bastardizing children. But it 
goes no further. A child if it is the result of fornication, 
adultery, incest, or of any description of illicit union is 
held illegitimate to his natural father but legitimate to his 
natural mother. 

, Finally, if section 112 is held to supersede the Muslim 
law of legitimacy, then it will affect not only the relation- 

^ However the right of disavowal is a. “ terminable right.” 
Ab regard.*) fixing the time regard is to- be had to custom. Imam 
Abu Yusuf and Muhammad have fixed 4D days after the birth of 
the child; if the husband is on the spot during his wife’s confine- 
ment then only a week’s time is allowed by some of the Hanafi 
jurists and the Maliki allow only two days. The Shiah jurists 
allow 40 days. 

2 10 All., p. 289, per Mahmud, J. : “A child whose illegiti- 
macy is proved beyond doubt by reason of the maiTiage of its 
parents being disproved or found to be unlawful, cannot be 
legitimatised by acknowledgment.” 
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ship of the child with his father but with other mem- 
bers of a family also. After all it may he granted that a 
natural father should support his issue irrespective of the 
fact that it is illegitimate or legitimate. But why should 
other members of a family be forced to admit a stranger 
socially condemned as their prospective heir, for the Mus- 
lim law of inheritance admits of minute division of pro- 
perty into shares and those sharers again have reciprocal 
rights of inheritance inter se under certain contingencies 
well known to lawyers ? 

In short the effect of the decision in 48 All. (p. 625) 
would be serious if followed by the other Indian High 
Courts. 
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PREFACE 

Whoever has made an impartial survey of the present 
state of comparative philosophy must have been struck by 
its apparent lack of centrality. A confusing mass of 
interpretations none of which has the remotest chance of 
being reconciled with the rest, is made all the more per- 
plexing by attempts, often very ingenious and flattering, 
to. infuse the spiint of the latest systems of European 
philosophy into tlie old body of Indian metaphysics. The 
object of the comparative study in philosophy, we believe, 
is to discover the dialectic movements of universal 
thought; but this will remain a far-off dream or a mere 
pious wish till the different interpretations are dragged 
out of their subjective seclusion in the enjoyment of an 
oracular prestige into the region of objective criticism. 
What is wanted is a .spirit of co-operation, and it is this 
.spirit of co-oiieration which the following lines are 
primarily designed to foster. ‘ But it is a singular mis- 
fortune of the student of philosophy that he can seldom 
co-operate rvith another without opposing the latter’s 
views; and in his speculative adventures in the region of 
Truth, he has often to put on the appearance of a dictator 
in spite of his real attitude being that of a humble enquirer. 
Hence, it is necessary to remark that opposition in tj^e 
domain of philosophy is not a sign of disrespect; on the 
contrary, it is in certain cases the highest tribute to the 
speculative profundity of the opposed views. 
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INTEODUCTION. 

Of the many disadvantages which a modern exponent 
of an ancient system of thought has of necessity to 
encounter, there is perhaps none more sub- 
versive and rtunous than the tendency to get 
ifltSfompX- oneself entangled in the meshes of ideas 
five method. originating from an entirely different type 
of thought and having implications that 
become altogether misleading when divorced from their 
historic context. It not only stands in the way of a full 
appreciation of what is unique and instructive in the old 
speculation, but it leads to more disastrous consequences, 
especially when the exposition proceeds on a comparative 
basis. Failing to accentuate those points in it which con- 
stitute its real strength, the immediate task of the 
interpreter reduces itself to finding a means of establishing 
its speculative claims at anjr cost. Far-fetched explana- 
tions, twistings and strainings are the inevitable results of 
such a procedure. Problems of philosophy, it is important 
to realise, are intimately connected with the spirit of the 
age and the intellectual tradition of a nation. This is 
true not only of the problems, it equally holds good of the 
nature of the methods employed and of the directions in 
which intellectual satisfaction is sought. This circum- 
stance, however, does not render the comparative method 
futile in the domain of philosophy, nor does it militate 
against the essential identity of dialectical processes in 
different worlds of thought. It only indicates the abuses 
to which the comparative method is liable., and thus makes 
the task of the modern interpreter infinitely more difficult 
in this field than in other departments of enquiry. 

The source of the difficulties is perhaps to be traced 
ultimately to the laws of development "svith which 
biological investigations have made us familiar. The 
principles of differentiation and integration which underlie 
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the growth of organic life and which have lighted the paths 
of investigations in the fields of psychology, sociology and 
many other allied sciences, have a very important bearing 
on the present subject. Our concepts, those intellectual 
moulds with which we have inevitably to work in philo- 
sophy, grow in definiteness and fixity with the progress of 
speculative efforts to solve certain problems. And in the 
intellectual struggle that is born out of these efforts only 
those concepts survive which prove most efficient in re- 
conciling the conflicting demands of the age. Hence the 
danger of reading an old thinker in terms of the new. The 
external wrappings of a concept may continue unchanged 
long after its life has completely disappeared. The word 
‘ idea ’ is a case in point. This term, as is well-known, 
though used by a long succession of thinkers, has still re- 
mained one of the most ambiguous in philosophy; the 
archetypal essence of phenomenal things, the Platonic 
meaning of the term, has Very little in common with its 
modern meaning as phenomenon. Another important 
consequence of these intellectual struggles is to destroy the 
elasticity of the concepts by introducing sharper distinc- 
tions and more rigid niceties into their contents. Much 
of the obscurity which we find present in the previous 
systems of thought arises from the comparatively high 
differentiations of the conceptual organism which we bring 
to bear on their simple homogeneity. Spirit, matter, 
content, reason and many other concepts which are most 
in use in the philosophical speculations of our time are, 
by reason of the very preciseness of meaning which makes 
them valuable instruments in the hands of the modern 
critic, likely to lead to confusion of issues when pressed 
into the service of an interpreter of Greek philosophy. 
The entirely different interpretations which it has been pos- 
sible to put, for instance, on the teachings of Parmenides 
are mainly due to the gulf which separates the modern 
48 ' 


378 THE ALLAHABAD TJNIVEBSITY STUDIES 

notion of pure being from the Eleatic conception of being; 
the confusion arises from the attempts at further determin- 
ation, in the light of modern thought, of what was homo- 
geneous and little differentiated by the original thinkers. 
To define it as the ‘ full,’ the mass that fills space, is to 
introduce an amount of determinateness into the notion 
of being which is too much for its simplicity. Hence the 
monism of Parmenides and Heraclitus has been very aptly 
compared to the block of marble which may be formed into 
a basin or a Jupiter. In the absence of sharp distinctions 
in the Greek conceptions of spirit and matter, our modern 
notions with their highly dififerentiated contents are hardly 
enlightening when used for labelling the earlier specula- 
tions. The inadequacy of such terms as materialism and 
spiritualism to be fit titles for the pre-Socratic thoughts is 
evident from the fact that even the Aristotelian conception 
of soul has none of those associations which it has come to 
possess for us through the progressively refined discussions 
of later ages. After the Cartesian opposition of the extend- 
ed to the thinking substance, it is no more possible for the 
modern thinker to identify the physiological conception of 
function with the psychological conception of mind. 

These difficulties, we must insist at the risk of repeti- 
tion, do not make comparative study a mere pious wish 
in the field of metaphysical thinking. They 
moZthemT the dangers of isolating the funda- 

mental conceptions of a philosophy from their 
proper setting. It is then important to make sure, before 
we could hope to achieve anything of abiding speculative 
interest by dra-wing together two different expressions of 
human reflexion on the nature of Reality, that in the act 
of interpreting one system in terms borrowed from the 
other, its basic notions are carefully restored to their 
historic lineaments. The importance of these remarks can 
hardly be exaggerated when the systems compared are not 
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simply separated by a long interval of continued and pro- 
gressively definite attempts at solving the world problems, 
but they belong to two entirely different intellectual tradi- 
tions which ran their courses without mutual influence on 
each other. If then we want to profit by thinking modern 
problems of European philosophy in Indian terms without 
misrepresentation of either and yet with a considerable 
clarification of both methods of thought, we must give up 
the practice of finding Kant and Hegel, for instance, in 
the Upanishads; these are misrepresentations which do not 
clarify but confound problems. No one possessing a really 
unprejudiced insight into Indian philosophy will deny that 
there is an ample supply of valuable dialectical weapons 
in the armoury of the ancient Indian schools and that they 
are as good for offence and defence in the battles of modern 
philosophy as they were when they were first forged. But 
no intellectual victory can be won by their indiscriminate 
use. The problems of epistemology and the methods of 
proof which came to prominence with Kant and Hegel, 
were evolved under the pressure of circumstances radically 
different from any that could exist in India, and conse- 
quently we should be doing injustice to the speculative 
integrity of Indian philosophy if we had to expect from it 
satisfactory answers to even such problems of philosophy 
as, in the absence of similar conditions, could hardly 
engage the attention of the ancient thinkers. 

This is not sufficiently realised by some of those who 
are otherwise doing inestimable service to the cause of 
national culture by rousing the curiosity and 
pfri8on?^“°“'' interest of the present generation in one of 
the oldest types of speculative efforts to 
decipher the mysteries of existence. The tendencies of 
modern comparative philosophy appear to be to bring 
Indian philosophy so close to its western namesake that 
they may be shown to have entered the same compartment 
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through exactly the same gateway. Thus, for instance, 
there is a persistent tendency in some of the modern inter- 
pretations of the Vedantic system to read into it all the 
problems and philosophic methods which have ever been 
present in the speculations of modern Europe, specially on 
the monistic lines. This is nothing unnatural. For, the 
type of absolutism represented in the Vedantic thought is 
generally supposed to be analogous to the abstract panthe- 
ism of the west and this fell into disrepute owing mainly to 
the massive influence the Hegelian philosophy commanded 
over the philosophical world of the nineteenth century. 
And there is no doubt that if the Hegelian contentions 
against abstract universalism be right, the Vedantic posi- 
tion will sustain an irreparable loss till it can be interpreted 
on other than the traditional lines. This is perhaps the 
reason why those who convinced of the finality of 
Hegelianism turn their gaze towards the native thought, 
have to begin by disclaiming its relation to abstract 
universalism and vindicate its affinities with what has been 
called higher pantheism. This nervousness, we are per- 
suaded to believe, is altogether gratuitous, firstly because 
the finality of the so-called higher pantheism has been at 
least as often denied as asserted. In view of the fates 
which have been overtaking the metaphysical theories in 
the west during the last two thousand and five hundred 
years, the claims of finality in a reasoned system of thought 
can show nothing better than enthusiasm. Secondly, even 
supposing that philosophic wisdom reached the height of 
perfection in the German philosopher, we certainly deprive 
ourselves of the power of appreciating much that is valu- 
able in the native lore by looking upon it as a briefer edi- 
tion of Hegel’s works. An attempt is therefore made here to 
bring together those features in occidental absolutism and 
Vedantism which have provided such alluring analogies 
between these two discontinuous streams of thought. 
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OEIGIN OF KNOWLEDGE 

We may perhaps conveniently begin the enquiry by 
distinguishing the problems of knowledge from the world- 
views which follow from their epistemological conclusions. 
The charge of dogmatism which has frequently, and 
perhaps not unjustly when judged from the standpoint of 
the western conception of philosophy, been brought against 
Indian philosophy in general cannot be adequately met by 
pointing out that “ most of the systems of philosophy in 
India discuss the problems of knowledge, its origin and 
validity, as a preliminary to the study of other problems.”^ 
A philosophy, in spite of its critical intentions, may be 
highly dogmatic in so far as it depends for its final view 
of Reality on a source of knowledge which is supposed to 
be superior to and even subversive of, the ordinarily 
recognised methods of acquiring knowledge. The appeal 
to the Vedas as the ultimate authority sitting in judgment 
upon the results of: perception, reasoning and every other 
source of human knowledge, as is well known, is the 
differentiating mark of the so-called orthodox systems of 
Hindu philosophy. This cannot but strike those who are 
in the habit of respecting only rational pronouncements in 
the field of philosophical researches as something very dis- 
quieting and perplexing. The metaphysical value of the 
analysis of normal perceptual and inferential knowledge, 
howsoever acute and complete, is seriously impaired in the 
presence of the embarrassing reminder that the ultimate 
reality is not to be reached through any of these avenues 
of knowledge. The western thinkers of the middle ages, 
notwithstanding their efforts at rationalizing Christian 
dogmas, were dogmatic precisely for the same reasons, 
namely, an implicit faith in Revelation and a consequent 

1 Prof. Eadliakrislinan, Indian Philosophy, Vol. I, p. 50. 
A similar view was entertained by Prof. Max Muller in The Six 
Systems, p. xii. ■ 
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distrust of the unaided Reason. To urge therefore, that 
“ the appeal to the Vedas does not involve any reference 
to an extra-philosophical standard^ is extremely misleading 
till the place of Revelation in a reasoned system of 
knowledge is adequately explained.” 

REASON AND REVELATION 
The relation between reasoned knowledge and revealed 
truths, as it is explicitly maintained in the scholastic 
philosophy of Europe as well as the orthodox systems of 
India, is one of antagonism or subordination. To parallel 
the scholastic beliefs that outside of the Church, there can 
be no salvation and no science, and that to philosophize 
is to explain the dogma, we have here such explicit expres- 
sions as that in the matter of Highest Reality whose 
knowledge is the sine qua non of emancipation, reasoning 
is an entirely unreliable support,^ and that the superiority 
of the Vedanta consists in its being mainly an exegesis of 
the Vedas. Again, underlying the orthodox condemnation 
of the speculations of Charvaka, Buddhism and Jainism 
as heretical there are precisely the same reasons which led 
western scholasticism to discourage independent intellec- 
tual efforts after truth, namely, the reluctance of the 
heretics to identify philosophy with theology, the orthodox 
belief in the inherent limitations of our faculties of 
knowledge, etc. Lastly, as in scholasticism so in the 
history of Indian orthodoxy, efforts are frequently made 
to bring rationally reached conclusions into conformity 
with revelation by putting evidently forced interpretations 
either on the sayings of the original author of a system or 
the words embodying revealed truths; and equally frequent- 
ly, these attempts at reconciling Faith with Reason cul- 
minate, by reason of their disappointing results, in a deep- 

^ ^ — - - 

* etc. Shankar’s 

Commentary on the Sutra, I. 3., 11. 
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seated misology. The declarations that real knowledge is 
not to be acquired by those who aspire after merely intellec- 
tual triumphs, that rational discussions are meant for very 
ordinary people, and that no finality can be claimed for 
reasoned knowledge in view of the possibility of its being 
subverted by a more expert logician, are clearly indicative 
of a distrust of reason which recalls the scholastic spirit. 
Indeed, this misology sometimes appears to reach the very 
absurd height of the Credo quia ahsurdum. of TertuUian, 
as e.g., in Kumarila Bhatta’s avowed statement that 
contradictions in Smriti are nothing derogatory in so far 
as they are based on the contradictory statements of the 
Sruti (Tantra Vartika). A similar tendency in Vedan- 
tism is suggested by Dr. Deussen’s observations that “ it 
is possible occasionally to make such statements about the 
Brahman as would be, according to worldly standards, 
absolutely contradictory; for example that the Brahman 
does not wholly enter into the phenomenal world, and yet 
is without part.”^’ 

ISTow, if philosophy is reasoned knowledge or “ the 
thinking consideration of things,” it cannot conceivably 
be based on a source of knowledge which is so opposed to 
the ordinary sources that its deliverances should admit of 
being couched in palpably conflicting propositions. hTo 
thinking consideration of things, it may seem altogether 
superfluous to point out, can afford to ignore the funda- 
mental laws of thought. The inevitable conclusion that 
follows from an impartial survey of this evidently anti- 
intellectual tendency, we venture to think, is that the 
appeal to the Vedas is nothing short of an extra- 
philosophical criterion. This circum.stance, however, 
does not make the orthodox system a mere aggregate of 
independent isolated and ro.utually conflicting expressions. 
On the contrary, admirable attempts at systematization are 

1 The System of the Vedanta, p. tS, 
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clearly visible not only outside but inside the Vedantic 
speculations. It has been rightly remarked that “ Vedant- 
ism is not to be taken' as philosophy based solely upon 
revelation or faith that has no rational justification . . . 
it is based upon the profoundest forms of thinking and 
argument.”^ A similar remark, however, applies to the 
philosophy of the Schoolman, which abounds in the 
subtleties of dialectics. Scholasticism in spite of these 
intellectual attempts a,t system.ati2;ing the dogmas of 
religion has been condemned as dogmatic owing to its 
appeal to a standard external to Reason; and we must bear 
in mind that the function of reason, according to the 
explicit statements of the Vedantic thinkers, is nothing 
higher than the refutation of heretical objections to the 
revealed wisdom and the exposition of “ the real meaning 
of the apparently conflicting ideas of the Vedas. It 
appears to be %’'ery significant that a thinker notwithstand- 
ing his implicit faith in an extra-rational source of 
knowledge should yet feel the necessity of so interpreting 
revelation as to bring it into conformity with the demand 
of reason for consistency. These attempts at rationalizing 
dogmas, whether in India or Europe, apparently 
involve a vicious circle. Though revelation is believed 
to have a higher authority than reason, yet reason sits 
in judgment upon revelation and makes it yield an 
account which would satisfy the demand of reason itself. 
That is, revelation Vv^hich is believed to be the supreme 
norm of philosophic thought has to conform to reason, 
and to that extent must acknowledge the superiority of 

what is yet thought to have a derived and conditional 
authority. 

REASON AND INTUITION 
This appeal to a standard which is not only external 
to, but frequently subversive of, the natural means of 

I Prof. M. Sircar, The System of Vedantic Thought, p. 2~ 
Prof. Das Gupta, History of Indian Philosophy , p. 41. 
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knowledge is so opposed to our ordinary habits of thought, 
that the search for a reason in explication of this ap- 
parently irrational appeal is not infrequent in scholasticism 
as well as Indian orthodoxy . One of the most acceptable 
explanations is to refer the Scriptural Texts to a unique 
faculty of knowledge, generally called Intuition. Here 
we come upon a most characteristic feature of Indian 
speculations which has not received as much atten- 
tion as it surely deserves in an unbiassed exposition of 
Indian thought and an unprejudiced critical study of 
methodological principles. It has passed into a truism 
that the different systems of Hindu philosophy, notwith- 
standing their divergences on many a vital point of real 
speculative interest, agree in insisting on the paramount 
importance of right knowledge as the indispensable condi- 
tion of emancipation and the attainment of the Highest 
Good. But what we miss in the modern interpretations of 
Hindu thought is the proper emphasis on the unique 
characters of Indian epistemology. It is perhaps high time 
to insist that right knowledge which is made the indisput- 
able corner-stone of philosophy here is conceived in a way 
so different from the epistemological conceptions of occi- 
dental philosophy that their fusion can lead to nothing 
better than unseeming hybrids. 

For a proper appreciation of the characteristically 
Indian analysis of knowledge, we have necessarily to bear 
in mind the well-known passage of the 
Brihadavanyaka Upanishad} Shraran, 
manan, and nididhyasan, as the three 
distinct stages in the attainment of true knowledge may 
be rightly claimed to be the unique feature of the 
Indian .theory of knowledge; and the ancient philoso- 
phers, though they differed widely on their detailed 
analysis of the psychological factors involved in the 


* ^tiOTT giT ^ssgr: silasgtl i 
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different types of cognition, accepted this methodological 
rule as one of the unquestionable certainties of philosophy. 
The important role which nididhyamn played in the 
ancient theories of knowledge may be easily realised from 
the way in which it is accentuated even in the Nyaya system 
that is generally supposed to be the least inclined to 
question the authority of the accepted avenues of know- 
ledge. In the subtle analysis of our faculty of knowledge 
as it expresses itself in the manifold types of cognition, a 
high place is accorded to ‘ vada ’ which is distinguished 
from ‘ Jalpa ’ and ‘ vitanda,’ as being alone concerned 
with the determination of reality.^ This emphasis on the 
‘ vada ’ as a means of right knowledge which is character- 
istic of the Nyaya philosophy has evoked censorious 
reflection from the critics like Shankara who assign the 
philosophic advantage of Vedantism over Nyaya to its 
reluctance to accept reasoning as the supreme norm of 
knowledge.^ Now, the really significant point which shows 
the essential unity underlying the superficial divergences of 
these systems in respect of the problems of knowledge is 
that Grotama, though fully realising the importance of ra- 
tional arguments for the attainment of truth, is so convinced 
of the limitations of the ordinary sources of knowledge 
that he not only condemns them as illogical so 

far as they are inconsistent with ‘ Sruti but actually 
relegates the function of certain types of reasoning to the 

^ The superiority of vada ’ to the other varieties of ‘ katha ’ 
is not only recognised within the Nyaya system, but it is actually 
deified by thinkers belonging to other schools of thought. Thus" 
eg., the Gita says, 10, 32. This is explained 

by Siiiinkara as 3^4, Si?r;UHlSfHfOT I Similarly, 

Sreedhar Swami points out that, 

nr HItI Slmnkara’s Com. II. 2. 

' ?3g%, Vatsyavana’s Com. 

to 1.1,1. , - . 
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protection of truths against heretical onslaughts.^ The 
fact is that reasoned knowledge is never looked upon as 
the finally efficacious means of determining the real, and 
this sceptical attitude towards the effi.ciency of reason is 
all the more striking in a svstem which addresses itself to 
the task of discovering the ^morphology of knowledge. 
Eight knowledge which leads to emancipation is not to be 
acquired through rational philosophising alone, for 
‘ manana ’ is only one of the stages in the progressive 
advance to truth.^ The essential nature of the objects 
whose knowledge is involved in self-knov.de cl ge is, accord- 
ing to the orthodox systems, impervious to the ordinary 
faculties of knowledge, and so beyond the field of rational 
explorations. These objects or therefore can be right- 
ly known only through an extraordinary faculty of imme- 
diate intuition, though for this it may be necessary to 
reason about them as a preliminary measure of self- 
discipline. Nyaya limits its function to the exposition of 
right ‘ manana ’ leaving it to other shastras to point out 
the further method of intuition or 

When we come to the Monistic speculations of India, 
the superior claims of intuition become much more out- 
standing and impressive. The Vedantic 
Vedanta?” Writers do not content themselves with sub- 
ordinating the function of reason to a supra.- 
rational faculty as is the case with the Naiyayikas. On 
the contrary, they are often ready to accept the extreme 

Nyaya Stiti'a 4. 2. 50. 

2 Fot more explicit statements on tlie limits of reason within 
the Nyaya System we may turn to the fourth chapter, where 
Gotama openly insists on the need of a further discipline in the 
shape of YognV practices, and of all the rules and ohservances 
that are subsidiary to Yoga. Prof. Max Muller rightly com- 
plains that this is a very humble view to take with regard to a 
system of philosophy which at the very outset promised final 
beautitude. To wdiat extent a Naiyayika may be convinced of 
the value of immediate intuition may be gathered from Udayana^s 
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position of unqualified irrationalism by emphasising the 
opposition oif intuitional deliverances to the testimonies 
of sense and reason. Thus, e.g., Shankara, almost in 
the strain of the Latin Fathers of the Middle Ages, 
ascribes the inadequacy of all empirical knowledge ulti- 
mately to the innate Ignorance which is at the root of 
all evils. All the secular canons of knowledge, are limit- 
ed to the province of Ignorance, because, we are told, 
“ without the delusion that I and mine consist in the body, 
sense-organs, and the like, no knower can exist, and conse- 
quently a use of the means of knowledge is not possible.” 
Such a sweeping remp,rk on the part of a philosopher on 
the inadequacy and perversity of the ordinary means of 
knowledge will surely strike as altogether extraordinary 
to those who would like to reject the so-called higher 
faculty as an extra-philosophical criterion. Yet, Shankar- 
acharya, who is widely accepted as the most gifted of the 
Vedantic thinkers, is perhapsi elso the most emphatic in 
distinguishing between the afar a vidya and the fara vidya, 
and in tracing our cognitive perversity to an innate cause. 
Now what is important for our present purpose is that 
Vedantism, more than any other Indian system, is charac- 
terised by a very persistent effort to stake its epistemo- 
logical prestige on a type of extraordinary experience 
which is so opposed to our ordinary experiences that 
neither sense nor reason is supposed to reproduce its 
contents. This specific type of experience is believed to 
be indispensable for the attainment of the mmmdm hon-um 
inasmuch it alone reveals the substantial identity of the 
individual self with the universal substratum. The fact 
of this identity being unrealizable through the ordinary 
roea,ns of knowledge which produce the fiction of difference, 
truth is unattainable except through that intuitive ex- 
account of the origin of the different systems from the different 
^pes of intuitional excellence — See the concluding portion 6f 
the AfmatatfvaviveTa, : 
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perience. Until this experience is realized and actually 
lived, the individual has necessarily to rely on the 
unquestionable authority of the Holy Writ. Hence again 
Shankar a insists that out of the 'pramanas which are 
useful for apara indy a, sahda is the only reliable guide.^ 
The paramount importance of intuition for the know- 
ledge of the Beal receives unqualified emphasis when 
it is urged that even the Scripture is not the final means 
of knowledge, but scriptural texts, on the one hand, and 
intuition on the other hand, are to be depended on.^ 
This intuition is then the ultimate criterion, of which 
reasoning even when it is supported by the sacred texts is 
a subordinate auxilia.ry.^ 

For a fuller justification of this Vedantic evaluation ’ 
of the different sources of knov»dedge and the subordination 
^ . of all the ordinarilv accepted means of true 

Intuition in . ■ ^ . 

Yoga belief to an extraordinary immediate intui- 

tion, we must turn to the Yoga analysis of knowledge 
v/hich, as suggested above, furnishes the underlying basis 
of the different episteraiological theories of India. True 
knowledge, according to the Patanjal views, is not a matter 
of mere speculation. On the contrary, our theoretical en- 
deavours are without exception wtiated by the ine’vitable 
presence of factors which obstruct the immediate vision of 
truth. Owing to the intimate association which ordinari- 
ly exists between the name and the meaning, and the neces- 
sity thence arising of thinking with the help of language, 
we always run the risk of m-ist-aking the forms of language 
for the forms of thought. This mistake leads to a number 

^ Rhankara’s Oom. 

IT, 1. 1. On the other hand H 

Oom. I. 1.2. 

smmr' 

Com. to I. 1. 2, Op. also IT. 1,4. 

Coni, to II. 1. 6. 
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of false beliefs about reality. Every form of language is 
supposed to have a corresponding form of existences and 
this even where there is no such correspondence at all 
in reaJity. For a seeker after truth, then, it is absolutely 
necessary to destroy the associative links between the mean- 
ing or object of knowledge, and the names which are meant 
for their expression.® Apart from the which 

has its source in language, there is another distort- 
ing agency in our ordinary methods of acquiring know- 
ledge, namely, the ‘ I think. Hence the highest type 
of experience is not only conditioned by 

but is also characterised by the complete 
absence of self-consciousness. It is called perception 
far excellence inasmuch as through this alone is re- 
vealed the real nature of the object. Here we come 
upon the real secret of that implicit faith in the Holy Writ 
which is a general feature of the orthodox systems. The 
supreme authority which is claimed for the Vedic lore 
and the reverential awe with which the toughest intellect 
hastens to accommodate his epistemological findings to 
Revelation arise out of a preconceived ideal of knowledge, 
though in some cases it assumes the appearance of a blind 
faith in authority. Right knowledge then, as it is con- 
ceived by Indian orthodoxy, should be acquired through 
other than the ordinary methods, and transmitted through 
other than the ordinary means of comm-unica,tion. Hence 
again the need for a right preceptor who having realised 

on the Sutra 9. 

2 This destruction of the- bonds of association or 
is likely to be undervalued by those who insist on the intimate- and 
useful relation between thought and language. Tet, however, 
this association lias been as often extolled as regretted by many a 
thinker of the west too. 

^ ^ This too must strike many as something monstrous, im- 
plying as it does the denial of the most fundamental tra-nscen- 
dental condition of experience, ; 
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the truth by means of an immediate intuition — hence called 
— can also dispense with the help of language in 
transmitting it to his desciples. The more frequent method 
of transmission however, is to have recourse to the ordinary 
medium of language, and so the intuited content comes into 
contact with that self-same distracter which stood between 
the subject and the object. Hence again the necessity of 
shravan, ma/mn and rddidhyasan. 

VEDANTA AND YOGA 

It appears to be pretty clear in the light of the above 
considerations that a faculty altogether different from the 
ordinary ones was unanimously considered to be the 
supreme organ of knowledge. This was not only true of 
the so-called logicians who avowedly believed in the potency 
of rational discussion for yielding right knowledge; it was 
equally true of the monists who apparently thought it 
necessary to undertake a rational refutation of the Yoga 
philosophy. It is true that the Yoga philosophy does not 
meet a. better fate than the other systems at the hands of 
the monistic thinkers, and Shankara in particular appears 
to be uncompromising in his polemics against the 
Yoga method of realizationd But to interpret 
this as tantamount to ^ an unqualified denial of 
the efficiency of intuitional experiences is to miss the 
real source of strength in these speculations. On the con- 
trary, it is only on the groimd of a specific type of 
experience which is supposed to give us a direct perception 
of Reality, that Shankara rejects those methods that lead 
to other types of experiences. That is, it is first of all 
assumed by Shankara that the Real is revealed only in that 
type of experience in which the experient actually feels 

* w II.1.3 
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his identity with the cosmic consciousness, and then on the 
strength of this assumption he rejects the epistemological 
claims of those methods and experiences which contradict 
the method and the deliverances of that specific experience. 
Even the Shrutis are so interpreted— interpretation which 
are bound to appear to an impartial reader as forced and 
far-fetched on critical points — as to conform entirely to the 
contents of that experience, and then the rival systems are 
shown to have misunderstood the Sacred Writ. Whether 
that experience is called mystic intuition or not is a matter 
of words only.^ But the fact remains that the experience 
which is made the basis of Vedantic metaphysics is some- 
thing so unique and opposed to the ordinary methods of 
knowledge, that the Vedantin should have no quarrel with 
the other orthodox philosophers in considering speculative 
philosophy as a mere auxiliary, incompetent by itself to 
reveal the Eeal. This in fact is clearly sug’gested by 
Vachaspati Misra when he hastens to add that the 
Vedanta Sutra, does not deny the evidential 

authority of the Yogic philosophy.® And Shankara him- 
self not only acknowledges the authority of those 
portions of Yoga which do not differ from his own 
monistic metaphysics, but he openly declares that the 
Self which is unevolved and entirely free from all 
plurality is seen by the Yogi.® So, it has been justly point- 

’ Yet this has furnished a topic of controversy, some thinking 
that Shankara “ himself would be the last to acknowledge, and build 
his system upon, mystic vision as the main source and oiiterioin of 
truth and motive of certitude,” Professor Ziramermann’s article in 
Indian Philosophical Review, Tol. II, No. 4. 

■sq# I *1 Bhamati- 

Commentary on the Sutra, III, 2. 24. Indeed the acceptance 
of yogic intuition by Shankara is strongly suggested by 
innumerable passages of his commentaries on the Upanishads, 
the Sutras, and the Bhagyat Gita. The Vedantists have 
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ed out^ that here the ultimate “ warrant of authority is 
actual experience which is not a specific form of prooif co- 
ordinate with other forms but the basis of all these — ^the 
Self itself of a supra-sensible kind. ... If then the Vedanta 
af&rms that notwithstanding apparent plurality all is one 
. . . it is not merely because argument leads to a Monistic 
conclusion . . . but because that unity has actually and 
really been experienced directly by those who affirm it . . . 
the Vedanta is not a mere system of philosophy in the 
modern western sense. It is based on Eevelation. If not 
so based, it is worth no more and may be worth less than 
aiiy other particular philosophy.” 

The conclusion then appears to be inevitable that the 
real strength of the orthodox systems of philosophy m 
general and that of Vedantism in particular 
PhuLophy? certain types of intuitional experiences 

which furnish the actual foundation of 
knowledge and belief. And here we come upon the 
most deep-lying contrast between Indian philosophy 
and that aspect of western speculations which, in- 
augurated by the anti-scholastic respect for reason as 

not only accepted the validity and usefulness of the Samadhis 
called Savikalpa and Nirvihalpa in general, but Patanjtili’s 
account and classification of Samadhi have been sometimes 
accepted without qualification. Shankara, however, is generally 
believed to have underrated the yogic practices in so far 
as these are not recognised as sufficient by themselves to 
lead to the development of the identity consciousness. Thus, 
Madhusudan vSaraswati says regarding Shankara and his school that 

sr 3 i 

Commentary to Gita, VI, 29, Shankara's however, says explicitly 
that l But whatever may be the meaning of 

yoga for Shankara, there is no denying the fact of ^is appeal to an 
extra-ordinary experience as the final authority* The assertion that 

), emphasises 

only the peculiar technique by which the id entity- consciousness 
has to be attained. 

^ Sir John Woodroffe, The World as Power Reality, p. 108. 
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the supreme court of appeal in matters of knowledge, 
crystallized into the epistemological doctrines of Kant, 
Hegel and all other subsequent philosophers of the west. 
Judged from this standpoint, we must candidly admit 
that the appeal to the Vedas does involve a reference 
to an extra-philosophical standard. Of course, every man 
is free to define philosophy in his own way, and we should 
not be denied the right of so conceiving philosophy as to 
place intuitional experiences in the very centre of our 
metaphysical adventures. But then we must be careful 
not to impair the centrality of these experiences by the 
desire to find for them a place in a rational scheme of the 
universe. It is no doubt true that the intuitional ex- 
periences are after all experiences and not mere figments 
of imagination, but to urge that these experiences should 
be taken into account in “ any rational rendering of 
reality ” is, we venture to think, nothing short of a serious 
confusion of issues. Intuition founded on the impotency 
of Eeason cannot conceivably enrich itself by submitting 
to a rational interpretation. No subterfuge of language 
therefore should be allowed to obliterate the methodological 
contrast between Indian absolutism and the monistic 
philosophy of modern Europe, particularly that of Hegel. 
To put this contrast in a clear light we may just consider 
the strong conviction with which Dr. E. Caird says that 
“ the claim of special inspiration is an anachronism for 
the modern spirit which demands that the saint should 
also be a man of the world, and that the prophet should 
show the logical necessity of his vision. For ‘ a man’s a 
man for a’ that, ’ and however sensuous and rude his con- 
sciousness of himself and of the world may be, it is, after 
all, a rational consciousness, and it claims the royal right 
of reason to have its errors disproved out of itself. And 
a philosophy which does not find sufficient premises to 
prove itself in the intelligence of every one, and which is 
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forced to have recourse to mere Fa; cathedra assertion, is 
confessing its impotence.’’^ Hegel’s attitude to the 
mystical method is well-known. His invectives against 
immediate feeling as the organ of philosophy and his 
insistence on the need for mediation are too clearly stated^ 
to leave room for confusion between the intuitional method 
and the philosophical method of Hegel. 

Yet, however, such confusions are not altogether want- 
ing in the writings of the most gifted modern contemporary 
exponents of Indian thought. The Vedanta 
panlhk^^ thinkers a, re supposed to have sometimes 
categories? approached the problems of philosophy from 
the standpoint of the dialectical method of 
Hegel.^ In the Taittiriya Upanishad, it is said, ‘ ‘ wm find 
expressed the centra.! contention of the idealist that in all 
systems of philosophy there are elem.ents of truth as well 
as inherent defects, limitations which lead us on to some 
other mere concrete development which, again, has to be 
tramscended By an immanent criticism of con- 

ceptions, we are enabled to discover the most complete or 
the most fundamental idea., relatively to the rest.”^ “ We 
start with a lower category, criticise it, discard it as 
incomplete and progress to a higher one wherein the lower 
receives its fulfilment.” That is, the Taittiriya Upanishad, 
far from being fanciful in its notions as judged by 
Dr. Weber, exhibits the true spirit of speculation in so 
far as it illustrates the method of the “ progressive dis- 
covery of reality or defining of re.alitv in terms of 
fundamental conceptions or categories, or a gradual 
pa,ssage from lower, more abstract and indefinite concep- 
tions, to higher, more concrete and definite ones.” This 

’ Hegel, p. 131. 

* E.g., in the Preface to the Phenomenology. 

’ Professor Eadhakrishnan, ln34an Philosophy, p, 164. 

^ The Heign of Religion in Coniepiporary Philosophy, p. 413, 
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method, it is hardly necessary to remark, is the full- 
fledged dialectical method of Hegel. Now the question 
is whether such an interpretation of the dialogue between 
Varuna and Bhrigue is justifiable or not. That the 
Upanishads are not very distinguished for their intel- 
lectualism, and that their logical basis is almost 
insignificant are almost unanimously accepted by the Indian 
as well as the western orientalists. “ There is not to be 
found in them,” says Prof. S. N. 'Das Gupta, “any 
pedantry or gymnafstics of logic, and their discussions 
“ by themselves are hardly logically convincing, having 
not unoften an almost infantine naivete about them.”^ 
Now even if it be granted for argument’s sake that such 
sweeping remarks on the philosophical basis of the 
Upanishads are fundamentally untrue, arising from a 
partial view only, the dialectical method of Hegel and the 
Upanishadic dialogue do not appear to have a single point 
of contact with each other when they are judged on their 
own merits. It will perhaps be readily admitted that the 
generally accepted interpretation of the dialogue has very 
little in common with the imm.a.nent criticism of categories 
which for Hegel reveals the Absolute. The method of ex- 
plaining the Absolute, as it is suggested in the Upanishads, 
is to begin with most easily apprehensible thing and then 
to lead the seeker after Truth through a series of progres- 
sively subtle things to the knowledge of the Absolute which 
is supposed to be the most difficult of comprehension. This 
method of gradual transition from the grossest to the 
subtlest is more than once illustrated in the Upanishads, 
and the terms of the series are not generally repeated. 
Thus, apart from the numerous ineffectual attemiits at 
defining the Absolute which are found throughout the 

* Prof. Das Gupta, History of Indian Philosophy , p. 43. 

* Prof. Krishna Chandra Bbattaoharya, Studies in Vedantism., 
p. vii. 
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Upanishads, the teacher often leads the student upwards 
from the conditioned to the eonditioningj from the subtle 
to the subtler. The case of Bhrigue in the Taittiriya 
Upanishad, for example, is the same as that of Narada 
in the Chhandyogya Upanishad; and in explanation of this 
method it is said that like the mounting of a staircase, the 
exposition proceeds from the gross to the subtle and subtler 
truths.^ These explanatory things then 'are meant for 
drawing our attention to what actually lies beyond them, 
or rather, what is the essential Reality of which these are 
mere appearances. By negating the whole lot, the student 
is directed towards the positive basis of all negations. The 
Absolute is what remains over when all the sheaths or 
kosas are negated.^ This interpretation, it is hardly 
necessary to repeat, does not evidently bear any resem- 
blance to Hegel’s method. It rather points to the opposite 
direction. 

Further, the attempt to dove-tail the Hegelian method 
on the Vedantic theory of Kosas is not simply to deprive 
Indian philosophy of its peculiar psychology, and meta- 
physics. It further leads to all the disadvantages of 
ignoring the historical lineaments of philosophical 
problems. Hegel’s method of discovering Reality by an 
imro.anent criticism of our categories has an intellectual 
background so entirely unlike anything that existed in 
India and the presuppositions of these two types of 
philosophy are so different that nothing 'of permanent 


Shankara’s Oom. on 

Chh. VII, 1. It has been remarked that “it is impossible, in spite 
of the rich poetic ornament with which these ideas are set forth, to 
discern a satisfactory reason for this progressive advance.” Prof. 
Paul Deussen, The Upanishads, p. 93, 

* Of. I 

I Vidyaranya Miinij PanchadasM^ IV ' 
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philosophical interest can result from reading one into the 
other. The theory of categories), as is well-known, 
developed out of Kant’s attempt to reconcile the conflicting 
claims of empiricism and rationalism about the origin 
of knowledge The function of thought and that of sense 
in the constitution of knowledge were entirely separated 
from each other by the previous thinkers, and hence arose 
the necessity of a fresh analysis of perception in order to 
determine the role thought plays in perception in particular 
and knowledge in general. This analysis led to the all- 
iro.portant discovery that the ultimate formis of thought 
and the forms of existence are identical, so that it is 
possible to know the ultimate determinations of reality 
through an adequate analysis of reason. This identifica- 
tion of the intellectual necessity with the metaphysical 
which is strongly suggested by the Kantian analysis of 
knowledge could not be completely realized by Kant owing 
to his faith in something beyond the field of intellectual 
exploration. Hence the immediate duty of his successors 
was to adhere consistently to the central epistemological 
principles of the Critique by removing from it all the 
useless excrescences which had no organic relation with 
the ma.in purpose of the transcendental enquiry. Thus 
Reason, in the hands of Hegel in particular, establishes 
its unqualified supremacy and the region of the TTnknow- 
able is once for all blotted out of existence. 

It would be useless to repeat these platitudes about 
the philosophy of Kant and Hegel, had it not been neces- 
saj’v in studying philosophical problems to realize th at 
notwithstanding the unity of the intellectual movements 
of different people, there are very significant differences too 
that are reflected not only in the special problems hut also 
in the special methods employed for their solution. The 
theory of categories and the method of immanent criticism, 
we venture to think, are such specialities. With regard 
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to the Hegelian dialectic, it has been remarked^ that “ it 
is not the only object of the dialectic to prove that the 
lower and subordinate categories are unable to explain all 
parts of experience without resorting to the higher cate- 
gories, and finally to the Absolute Idea. It undertakes 
also to show that the lower categories are inadequate, when 
considered with sufficient intelligence and persistence, to 
explain any part of the world. . . . The whole chain of 
categories is implied in any and every phenomenon.” It 
is further pointed out tha t “ since we cannot observe 
pure thought at all, except in experience, it is clear that 
it is only in experience that we can observe the change from 
the less .to the more adequate form which thought under- 
goes in the dialectic process. But this change of form is 
due to the nature of thought alone, and not to the other 
element in experience— the matter of intuition.”^ It is 
evident from these characteristics of the HegeKan dialectic, 
how intimately it was connected with the contemporary 
distinction of pure thought from mere sense, of experience 
from reason, and finally of the immanent criticism of one 
category by another from the criticism ab extra of thought 
as such. The strong repugnance which Hegel had to all 
forms of transcendent criticism of thought was evident 
from his inability to accept even the “ intellectual 
intuition ” of Schelling. If the philosopher, to quote 
Dr. E. Caird once more,^ “ assumes propretic airs, or 
speaks to ordinary men from the height of ‘ an immediate 
insight ’ or ‘ transcendental intuition,’ from which they 
are excluded — he, as Hegel soon began to assert, is pre- 
tending ‘ to be of a different species from other men,’ and 
is ‘ trampling the roots of humanity under foot.’ The 
contrast between the dialectical method and the intuitional 

' Dr. MoTaggart, Studies in the Hegelian Dialectic, p. 19. 

’JS*U,p.l8. 

^ Hegel, 
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method cannot conceivably be presented in a stronger form. 
There was not only no occasion in Indian philosophy to 
distinguish between the form and the matter of experience 
which gave rise to the Hegelian method, but the latter was 
developed in direct antagonism to what was accepted in 
India as the only right method of approaching Eeality. 

With regard to the first point, however, it may be 
asked if the Vedanta thinkers did not hold that “ true 
insight is born of the union of the universal 
antiJfpTte aiid the particular,” and thus anticipated 
ttoa*\etwe6n what Kant discovered only in the 

peToept? eighteenth century, namely, that ” percepts 
without concepts are blind; concepts without 
percepts are empty Similarly, regarding the second 
point, it may be urged that “ Intuition does not cease to be 
rational simply because reason is transcended. Intuition 
is the crown of reason.”^ To begin with the latter point, 
though the belief that there is no necessary antagonism 
between intuition and reason has found favour with many a 
modern exponent of Indian thought, none has as yet been 
able to justify this belief. “ The intuitional,” it is urged, ^ 
“ is not contradictory of the logical, but subsumptive of 
it.” It is however candidly acknowledged that we cannot 
form the remotest conception of the ways in which the 
palpably contradictory attributes are referred to the 
Upanishadic Absolute.'' Now even if it be granted that 
the belief is justifiable, and this is not our present conten- 
tion,® it does not affect the contrast of the Hegelian method 

* Prof. Radhakrishnan, Contemporary Philosophy, p. 423. 

’ Ihid., p. 438. 

Pj.g., by Prof. R. D. Ranade, Upanishadic Philosophy ,-p. 6. 

; Gf. I6«., p. 347. 

‘ Prof. Radhakrishnan however admits that the weakness of 
the Upanishads “ lies in this that the synthesis is reached not by 
explicit reason but by intuition. {Indian Philosophy, p. 264.) It is 
not easy to see how this admission can be reconciled with the 
acknowledged superiority of intuition to reason. 
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with the intuitional. Hegel, we must observe at the risk 
of repetition, would be the last to subordinate reason to 
anything external to it; and however imperfect our know- 
ledge of reality may be, he would never think of 
supplementing the deficiencies of reasoned knowledge by 
an appeal to a different faculty. Our knowledge as 
actually achieved may fall far short of our ideal of what 
it ought to be, and perhaps the ideal will not be completely 
realised while man is man, as Green would suggest. But 
with all these admissions, Hegel would surely urge that 
“ All true philosophy must be mystical, not indeed in its 
methods, hut in its final conclusions.”^ If we now turn 
to the first point about the analogy between Kant and the 
Vedanta thinkers, our conclusion will be the same. Not- 
withstanding a few fundamental points of contact between 
the Vedantic teachings and the results of the Critique, 
their methods are poles apart. By that admirably pithy 
expression regarding the relation of percept to concept 
Kant, as is known too well to need elucidation, meant to 
emphasise the functions of, both thought and sense in 
knowledge. Knowledge for him is objective only in so far 
as the immediately given sense-data are brought under the 
interpretative activity of thought. Now, as already urged, 
such a distinction of sense and thought requires far other 
types of intellectual atmosphere to foster in than what 
could exist in India. In view of the complete absence of 
any reference to this distinction between thought and im- 
mediate experience in the philosophical records of India, 
it would be surely fanciful to foist the Kantian expression 
in the Upanishads. The fact is that the afiiliation of the 

^ McTaggart, Hegelian Dialectic^ p. 255. Italics not in the 
original. Ifc has been sometimes claimed that mysticism is not 
occultism and that it is a perfectly intelligible mode of God-reali- 
zation (compare, a.r/., Mr. Underhill, Mysticism^ p, x). But this is 
not the point at which Hegeh joins issue with mysticism. His 
real polemic is directed against its purely immediate unity, as is 
evident from his criticism of the unmitteibares Wissen of Jacobi 

51 
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Kantian and the Hegelian thought to Vedantism has been 
made possible through putting extremely far-fetched 
interpretations upon the terms manas, Vijnana, etc., as 
they occur in the monistic speculations of India. It is 
not at all easy to see the extent to which such terms as 
manas and Vijnana have to be twisted before they can 
connote perception and understanding respectively, as they 
occur in the philosophical literature of the west. Our 
failure to see this may be due to our short-sightedness, but 
we must emphatically maintain that these interpretations 
are entirely fanciful and unwarranted. Apart from this, 
such misinterpretations have the disastrous result of 
obscuring one of the unique characters of Indian thought. 
It has been contended above that intuitional visions play 
a very important part in Indian epistemology. They are 
intimately connected with the Vedantic theory of know- 
ledge in particular, which includes among other things 
meditation or contemplation. That immediate experience 
of Identity which is supposed to be the only true experience 
is but the last result of concentration and is preceded by 
other types of experience.^ Thus Bhagavat Gita de- 
scribes the intuitionist 'par excellence^ as he who meditates 
upon God. Intuitional experiences are chiefly distin- 
guished according as they lead to the perception of God 
or that of Self. Out of these two types, the latter is the 
final result of previous concentrations on the five sheaths 
or kosas one after another. It is true that these are re- 
cognised as aids to the knowledge of the Absolute; but 
their importance does not consist in their being categories 
or thought-forms. On the contrary they are objects of 
concentration of different degrees of intensity and thus use- 
ful for the control of the external and the internal senses. 

’ Of. 

Ananda Giri’s Commentary on Shankar a Bhasija. 

“ Gita, Yl, AT. 
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Shankar a explicitly ascribes these five sheaths to Ignor- 
ance/ and as the Absolute appears identical with these five 
outer cells, their discrimination results in the consciousness 
of identity between the subject and the ground of cosmic 
existence. Indeed, to interpret these cells as so many 
categories which by an immanent dialectic reveal the 
Absolute is to throw overboard the peculiarities of the 
Vedantic psychology. 

We conclude then that the Hegelian method of know- 
ing the Absolute by an immanent criticism of categories is 
different and in some respects altouether 

Goncmsion. i t t-t t • t t * <e 

opposed to, the vedantic method of right 
knowledge. For the Vedantist, the ultimate criterion of 
truth is an immediate experience; the function of thought 
or reason in the western sense is either not recognised at 
all;^ and even when it is used in the approximately western 
sense, it is made subordinate to immediate experience. _ 
For the Hegelian, on the contrary, no experience in its 
immediacy can furnish the ultimate criterion and claim the 
exclusive right to reveal the Real; for, it is revealed only 
in so far as the mediating activity of thought has been 
allowed to operate upon the multitudinous varieties of 
experience. According to Vedantism, the falsity of an 
immediate experience “ is not to be judged a 'priori for 
Hegel, an experience is to be judged false precisely in the 
same degree in which it failsi to satisfy the a priori ideal 
of a coherent system. 

Oom. to Tatt, Up.., Br. ValU, II. 

^ I.e. Reason as the source of the fundamental principles on 
which our thinking and action depend was never recognised in 
India where the contradictions in the rationally reached conclusions 
led to the condemnation of the thinking process in general. This 
has been called the ‘‘ Superficial Doubt,” as distinet from criticism. 

— See Oaird’s Critical Philosophy, '^. 4. 

* Prof. Krishna Chandra Bhattaohatya, Studies in Vedantism, 
Introduction. 
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THE ABSOIHTE OF ABSTRACT PANTHEISM 

We have so far considered the problem of methodology 
and attempted to bring out the apparently irreconcilable 
contrast which Indian absolutism presents in 
SootusErigena this respecf to Hegelianism. As we pass to 
the Ab^iSe!" ^1^6 Consideration of the nature of the Reality 
as it is conceived in the east and the west, 
this opposition again confronts us almost in an unmitigated 
form. And here too we ma.y begin with western scholas- 
ticism, with which the Vedantic method has been shown 
to possess fundamental affinities. Philosophy in the 
opinion of Scotus Erigena, the founder of the Christian 
School, is the science of the faith and its function is the 
understanding of dogma. God who is immanent in the 
cosmos, is the sum-total of being without division, or 
.limit. He is being without any determination, and being 
superior to all contrasts cannot be adequately described 
in language. But though God is incomprehensible through 
human categories, and hence is the absolute nothing for 
our thought, yet it is not equal to 0. On the contrary, 
it is the positive ground from, which the world is derived. 
Equally impenetrable is the innermost essence of the human 
soul which is identical with God. It is hardly necessary 
to point out that these thoughts of Erigena are so similar 
to those of Vedanta pa.rticula.rly of the Shankarite School, 
that they can be easily taken to be a short r^sumd of the 
Vedantic metaphysics. Now, the main difficulty in such 
a metaphysics is that of describing the indescript. With 
its absolute sundering. of the ‘ what ’ from the ‘ that,’ it 
takes away the possibility of distinguishing between being 
and nothing; for that which is supposed to repel all predi- 
cation and essentially unthinkable on this account 

dvfindles into nothing Erigena’s device to overcome this 

difficulty, like that of the mystics in general, is to resort to 
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the vision or immediate knowledge of God. Outside the 
scholastic attempts which sometimes reach the climax of 
intellectual nicety, it is in the works of Spinoza that we 
find a most serious tussle with this fundamental problem 
of pantheism. The problem is to ascertain how the ens 
absolute indeterminatum is related to the attributes. 
Spinoza appears to have left this relation sufficiently 
ambiguous to admit of two opposite interpretations, called 
formalistic and realistic respectively. According to the 
former view which has the authority of Hegel, the attri- 
butes are merely intellectu, and so do not qualify the 
substance. It is merely from the view-point of thought 
or understanding — ^which can conceive of anything only 
by attaching predicates to it and for which consequently 
that which cannot be made the subject of significant Judg- 
ments is absolutely nothing — that the indeterminate 
substance, existence in itself, or pure being, is changed 
into attributes. That is, Pure Being in itself is com- 
pletely destitute of all determinations, and the attributes 
are what intellect ‘ perceives ’ concerning it, as constitut- 
ing the essence thereof. If this interpretation of Spinoza’s 
thought be correct then the recognition of limitations of 
our intellectual faculty or reason appears to be a funda- 
mental feature of his pantheism. Coming now to Indian 
philosophy a strikingly similar line of thought in con- 
nexion with the self-same problem is illustrated in the 
.schools of Verlanta. The school of Shankara represents 
Spinozism as interpreted in accordance with the forma- 
listic view, while the realistic aspect is represented by 
Ramanuja and his followers. 

THE BRAHMAN 

Shankara’s Absolute, like Erigena’s God or the 
Substance of Spinoza, is explicitly described as Pure 
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Being, altogether free from determinations and exclusive 
of difference. Distinctions, he points out, may be of three 
types only; namely, the difference of a thing from its parts, 
that of one species from another under the same genus, 
and finally that of one thing from another of a hetero- 
genous type. The pure identity of the Absolute is entirely 
free from these three possible kinds of difference. Indeed 
the unique nature of Shankara’s monism which distingui- 
shes it from all other types of Indian thought consists Just 
in this uncompromising insistence on the purely indeter- 
minate analytic unity of the Absolute. That this un- 
qualified monism, is Shankar a’ s metaphysical position 
becomes obvious not only from what he himself teaches in 
the different parts of his commentaries; it is equally clear 
from the strictures it has received at the hands of the 
critics of different schools of thought as well as from the 
subsequent history of Vedantic thought in the school of 
Shankara. A system which takes the featureless a-nalytic 
unity to be the foundational principle of the universe must 
necessarily stake its speculative excellence on the success 
with which it can reconcile the apparent plurality of the 
immediately given world of experience with the meta- 
physical pure unity of the cosmic principle. Apart from 
this central crux in all varieties of pantheism, Shankara 
has to tussle with the further problem of the emergence 
of qualities or attributes out of the perfectly indeterminate 
pure Existence. His answer to the first problem has much 
in common with that of Parmenides and Plato. Having 
rejected evolution or parinamiada as implying potential 
plurality in and hence inconsistent with, the pure identity 
of - thu'Absolute, his only alternative is to condemn all 
plurality as mere illusion or unsubstantial appearance. 
But the more the phenomenal world is condemned as a 
mere illusory appearance, the more pressing becomes the 
need of accounting for the existence of this illusion. For, 
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a fact in order to be denied or Judged false must at least 
exist, and till this existence of the Unreal is reconciled 
with that of the Eeal, we are left in a hopelessly dualistic 
metaphysics. Hence the phenomenal world is a great 
source of trouble to Plato, Parmenides and Shankara alike. 
Outside the Idea, Plato urges at every step, there is 
nothing but non-being; outside the Brahman,; says 
Shankara, there is nothing but Avidya which does not 
really exist. But in the very act of denial, the Non-being 
or the Avidya comes to possess a positive significance, and 
the critics of Plato as well as those of Shankara have de- 
manded an explanation of this apparently second 
constitutive element, this non-being which, for the Greek 
as well as the Indian thinker, is the source of all plurality 
and evils. The Avidya has an eternity ah ante ; how can 
this second principle which is co-eternal with the Absolute 
be reconciled with the sole reality of the One! This 
reconciliation in the opinion of many critics of Plato and 
Shankara is impossible; and so Shankara’ s analogy of the 
magician has failed to silence the critics who find in Maya 
a second principle that ‘ refuses to be reduced completely to 
the unity of Brahman.’ Absolute monism, it is urged by 
Jayanta Bhatta, cannot dispense with a second principle, 
and the admission of another eternal principle alongside 
Brahman is fatal to a monistic metaphysics.^ This 
dilemma, indeed, is inevitable in some form or other in 
every type of monism. The illusion of Parmenides, the 
non-being of Plato, the Maya of Shankara, the matter of 
Plotinus, and even the negativity of Hegel and the matter 

1 Hiu I sjlwri sat, 

Nyayamanjari, IX, .520. Again, 

sserf 5 I p. 531, 

Gangadhar Shastri’s edition, Part II. Shankara’s only reply is that 
the difference between the Brahman and the Avidya is false, 
because it does not exist at a particular stage of illumination — 
See e,g., Brih. Upanishad, III. 6. 
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of Bergson stand out as dualistio excrescences disfiguring 
the monistic purity of tkeir systems. 

MAYA 

Shankar a’ s own device here is to fall back on meta- 
phors which have opened the way to endless controversy 
within as well as without his own school. It is by no 
means an easy task to extricate a consistent notion of 
Maya from the apparently conflicting accounts of it given 
by different monists, who differ from each other widely on 
a number of relevant problems of vital importance. Maya 
is described by Shankara as consisting of name and form or 
and not determinable either by being or by 
non-being *, and the Absolute is Pure 

Being which by reason of its .purity is mistaken as non- 
being. Prior to the creation of the universe there was 
ro.ere Being.^ This, as Shankara is careful to point out, 
does not signify a subsequent distortion of the genuinely 
Real. Even now it is Pure Being but differentiated into 
names and forms, quite as much as the magician is never 
distorted by the magical show of his own making.^ Yet, 
when pressed for a definite answer to the relation between 
the Absolute and the Maya, he has to admit that the 
undistorted Brahman transforms itself into the trans- 
migrating individual soul by means of its own avidya, and 
frees itself from this bondage by its own vidya.' A similar 
difficulty attends the second characterisation of Maya as 
neither being nor non-being. As contrasted with Brahman 
which is pure existence, Maya is non-existent, but as the 
ground of the phenomenal world of experience it is not 
mere non-being. In this connexion, it is sometimes pointed 
out that the non-being of Maya is not absolute. Though 

‘ — Ghh. Up. VI. 2. 

^ 57811 sruiflcrsTT nwr msusff sr 

JT i|i% — -S. Bhasya, ll. 1. 9. 

Of. also Brih, Upanishad, 111. 5, 
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eternal ah ante, it is completely annihilated at the, dawn of 
right. knowledge ; but Brahman is truly existent for it never 
ceases to be. So, if pure being or genuine existence consists 
in eternal being as is apparent from the technical definition 
of as then such a genuine reality 

cannot belong to Maya. Here too the pressure of logic 
has sometimes driven Shankara to the apparently conflict- 
ing admission that Maya is not only unreal in the sense 
of the transient, but it is absolutely unsubstantial and 
literally false or like the son of a barren woman.^ 

The Vedantic contrivance for reconciling these conflicts by 
means of the usual distinction between the esoteric and 
exoteric knowledge is well-known. But without consider- 
ing the significance of this distinction and the right of 
introducing two heterogeneous standards of truth into a 
system of philosophy, it may help to clear up the issues to 
make a short reference to the second problem mentioned 
above, namely, the emergence of qualities out of the abso 
lute indeterminateness of pure being. 

Shankara, as suggested above, has to encounter here 
the same difficulties as Spinoza. How can that which is 
essentially an ens ahsohite indeterminatum be also describ- 
ed as possessed of determinations? Shankara, as is well- 
known, not only distinguishes between the higher and 
the lower Brahman, but he also proceeds to characterise 
the former as satyam, jnanam, anantam^ and thus makes 
himself liable to attack alike from the theistic monists and 
the logicians. That which is purely indeterminate, it is 
urged by the critics, can never be the object of knowledge.* 
Hence those portions of the Sruti which have explicit 

This is rightly pointed out by Prof. Das Gupta 
of Indian Philosophy, p. 443.) But it is not clear how this view 
is only “ another way of expounding the first view.” 

® Tail. Up m^^^^^^^VaUiJ^ asya I. 

^^J^(^-—Vatsyayana Bhasya IV. I. 21. 

5 ? v.:''- 
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reference to the indeterminate Brahman are not, it is said, 
to be interpreted as supporting absolute indeterminateness. 
They only signify the absence of ordinary qualities from 
God.' 

Shankara, however, was not wholly blind to 
the difficulty of describing the indescript or determining 
the indeterminate. To qualify, he says in effect, is to 
limit, and the absolute being all that is does not admit of 
limitation. But, though indeterminable in this sense, it 
can yet be defined in the same way as A hash is defined as 
that which gives space.^ How far it is a genuine solution 
of the difficulty which has in some form or other been 
present in every agnostic system has been seriously ques- 
tioned by the critics of agnosticism in India as well as 
Europe. The fearless agnosticism of Shankara however 
does not stop with this distinction between definition and 
delimitation. The last conceivable step is taken by him 
when he urges that the Absolute is not only entirely 
characterless, but not to be grasped through thought and 
speech. It is unthinkable and unutterable. The word 
atman, it is pointed out,® cannot directly signify the in- 
determinate Absolute; its direct reference is to the deter- 
minate Absolute, or Self. But a word may by a sort of 
indirection refer to something beyond its point of direct 
reference when the latter is rejected, by a subsequent 
negation. So the word atman directly signifies the self as 
intimately connected with the super-imposed adjuncts like 
body. But when these adjuncts are subsequently reject- 
ed as not-self, the same word acquires the function of 
suggesting the pure Ego. This theory of suggestion or 
laJcsam is evidently indispensable for the unqualified 

ggr, *r«rTB[^!r^«i5cr{5r% i 

Tait. Upanishad, loc. cit. 

’ Chh, Upanishad, VII, 1.3, 
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monism of Samkara’s school. It represents the Vedantic 
attempt to solve the fundamental crux of agnosticism by 
accentuating the positive significance of negation. What- 
ever may be the intrinsic worth of the theory, here we 
appear to approximate the limits of conceptual thinking. 
And it gives us a clue to understand the Vedantic distinc- 
tion between the esoteric and the exoteric knowledge. 

The abstract identity of pure being, though it is equal 
to nothing from the standpoint of conceptual thought, is 
the content of an intuitional experience. In the very act 
of naming this pure identity we have necessarily to super- 
impose determinations, and thus make it intelligible and 
communicable by associating it with what it is not. 
Hence it is indispensable, for whoever seeks to realize the 
Pure Being, to think without language and thus have an 
immediate vision of the Peal. The Eeal in so far as it has 


to conform to the conditions of conceptual thought must 
suffer an inevitable distortion and so in place of the Thing- 
in-itself, we are left with its phenomenal replica 
or shadow, while the Eeal reduces itself to a merely 
problematic concept. Consequently so long as there is 
the need of communication through the ordinarily recog- 
nised channels of spoken or written words the intellectual 
refraction of the Eeal will remain at best only symbolic 
of what cannot conform to the conditions of conceptual 
knowledge. 

If this is a true account of the unqualified monism of 
the school of Shankara, its opposition to the idealistic 


metaphysics of Hegel and his followers 
appears to be unmistakably strong. If 
there is anything which can be said with 
absolute certainty about the Hegelian Absolute, it is this 
that it is not an immediate indeterminate being. It may 
not be possible for us to know the Absolute in all its deter- 
minations, yet it is not essentially indeterminable or un- 
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knowable. His criticism of Pure Being with which the 
Logic begins centres round just those elements in it which 
are so valuable for the intuitionist. He counts this pure 
being to be the isolation of an abstraction which results 
from Being and Nothing being placed out of touch with 
each other. Following the Kantian clue that what is real 
must conform to the conditions of conceptual thought and 
the inlierent structure of reason, he develops a system of 
logic which claims to unfold the general structure of the 
entire universe, and to speak of a thing which is essential- 
ly inconceivable is, for him, an indirect admission that 
it is not within the universe of reality. The mystic and 
the agnostic may wax eloquent on the indefinability and 
the unthinkability of the Absolute, and revel in the inscrut- 
able mystery which enshrouds the inner essence of the uni- 
verse. But the philosopher can ill afford to lay aside the 
principles of thought and reason, imder lying . as they do 
all our assertions, positive and negative; and the validity 
^ of which therefore is presupposed in the very act of deny- 
ing them. Hence the categories or laws of thinking, far 
from being like blinds which shut out the Real from our 
vision, are also the characteristics of the Absolute. They 
are not merely the definitions of the Real from the human 
standpoint, their function is not to present before us the 
disfigured picture of the essentially indefinable or a mere 
refraction of what is essentially beyond the categories. On 
the contrary, they are the Absolute. For him it makes no 
difference whether we say that the categories are the 
Absolute or that they are definitions of the Absolute; be- 
cause, the ordinary conception of knowledge according to 
which our knowledge has to copy or represent a thing 
which is outside our mind being a sheer misconception of 
the nature of knowledge, the question of refraction or 
disfigurement together with that of correspondence does 
not arise at all. The indignant protest which the long 
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line of post-Kantian philosophers beginning with Fichte 
enter against the Thing-in-itself arises precisely from the 
distinction which Rant could never get rid of between the 
world of knowledge and the world of faith, a distinction 
which is supposed to be entirely inconsistent with the 
general trend of the transcendental logic. And Kant’s 
sad failure to keep the Thing-in-itself entirely free from 
the vitiating touch of the categories is generally taken to 
be an instructive discomfiture for every type of agnosti- 
cism. So the common article of faith which binds together 
the philosophers from Fichte onward into a sort of 
philosophical fraternity is that the essentially inconceivable 
is absolutely non-existent, for that which cannot stand as 
the subject of a significant proposition is a mere naught 
or void, and so when we indulge in the agnostic’s talks 
about the Real, we only amuse ourselves with empty 
words. Here we are in sight of an essential agreement 
between the critics of Shankara and the Hegelians. The 
theistic Vedantists of the Vaisnavite school and the logi- 
cians, as we have seen above, make a common cause 
against Shankara in rejecting as meaningless a featureless 
Absolute which by reason of its inconceivability cannot 
be the object either of perception or of inference and 
agama. Hence the pure Absolute, they point out, is not 
pure in the sense of being entirely above all determina- 
tions. Its purity simply signifies its freedom from the 
ordinary qualities.’- 

How would a Shankarite reply to these objections? 
To understand this we must put in a word on the Vedantic 
A, poRsibio re- I’svchoiogy of mind. In common with the 
ply to Hc'Kfi. So nikliya philosophers, the Vedantin dis- 
tinguishes pure consciousness from htiddhi 

suf l- Ramonuia, 

Vedantataitvasar. 
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and its modifications. Buddhi, for Samkhya is by itself 
unconscious and so are its modes. These mental modifications 
appear to yield knowledge of objects, simply on account of 
the proximity of huddhi to pure consciousness. But the 
mental modifications being mere changes in hiiddhi cannot 
by themselves reveal the objects, though they are the indis- 
pensable intermediaries through which pure consciousness 
can come into relation with extra-mental things. Here 
the only distinction between Samkhya and Vedanta 
consists in this that the latter, instead of admitting the 
actual independent existence of huddhi as a co-ordinate 
reality by the side of pure chit, looks upon it as a mere 
adjunct super-imposed on the chit. For Samkhya what- 
ever is not chit belongs to the unconscious prakriti which 
is a separate principle co-ordinate with purusha. For 
Shankara whatever is an object of knowledge is an un- 
conscious entity which is not only falsely identified with 
the self, but is also grounded on an unreal principle. 
Apart from this ontological divergence Shankara agrees 
with the Samkhya philosophers in his psychological 
analysis of the functions of the different factors involved 
■in knowledge. The self which is eternal consciousness 
is the ultimate source of all knowledge; the mental modi- 
fications which are involved in the knowledge of objects 
being themselves revealed by consciousness cannot reveal 
the subject consciousness. That is, the Pure Ego is never 
revealed through, mental modification or jgnr inas- 

much as it itself is the revealer of all objects. Hence the 
necessity of knowing the ultimate knower in the state of 
an extraordinary vision or ecstasy. The series of mental 
modifications which are necessarily involved in ordinary 
knowledge must be laid to rest before the self is known as 
the universal subject and not merely as an object. 

However fantastic such an account of Self-conscious- 
ness may appear to be,— and it has been called a monstro- 
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sity ^ — there does not seem to be a less fanciful and more 
scientific solution of the problem. How is the knowledge 
of the knower possible ?— has been one of the insoluble 
problems of occidental philosophy since the Kantian criti- 
cism of rational psychology.® Shankara’s solution, whether 
it is accepted as final or not, does indicate a way out of 
the difficulty, and incidentally brings out a unique feature 
of Indian Absolutism. From this standpoint, to know 
the subject is to be the subject, since the slightest duality 
is sure to convert the subject into an object, and then in 
place of the Pure Ego we are left with the empirical self 
only. Hence the impossibility of knowing the subject 
through ordinary knowledge which cannot dispense with 
the duality of subject-object, the subject on the one hand 
and the presentations on the other. This brings us to the 
reply which a Shankarite would make to a Hegelian. You 
cannot grasp, he would say in efiFect, the Pure Being or 
the indeterminate Absolute since your analysis of self- 
consciousness which yields the fundamental principle of 
unity in difference does not actually solve the problem. 
Instead of admitting the insolubility of the problem on 
the basis of your epistemological method, you have simply 
taken the duality as an inevitable paradox, an eternal 
noreltij? or a standing enigma, and then on the basis of 
this admitted mystery, you discover the Absolute to be an 
Identity in Difference. As you have pledged yourself to 
the discovery of the Absolute through conceptual thought, 
and as the categories which are the indispensable instru- 


by Prof. Deussen, The System of the Vedanta, p. 90, n. 

* Of. specially Dr. James Ward’s very insbruotive analysis of 
Self-oonsoionsness and his conclusion that the subject though 
■within experience cannot be an object of knowledge— 
oal Principles, Oh. XV. 

’Bosanquet, Contemporary Philosophy, p. 104. 

T2. Oaird, Aeyeb p. 149. 
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ments of such thinking contain identity of opposites, the 
Reality is distorted in being forced into the conceptual 
machinery. Indeed, the mystery is mainly due to the 
necessity of thinking with the help of language; it is this 
which is responsible for the difficulties which have taxed 
the intelligence of thinkers in the west since the fourth 
century b.c. when the puzzle about the Law of Identity 
was started by An tisthenes the Cynic. Judgments which 
are recognised to be the units of thought oscillate between 
abstract identity or tautology and mere difference or pure 
negation; and the paradox of inference manifests itself 
in the conclusion going out of yet remaining within the 
premises. The Pure Identity, then, which is a false 
abstraction from the standpoint of conceptual knowledge 
— and it is Hegel’s merit to have made it clear for all time 
— ^would be perhaps the highest reality if the demands 
made by the philosophers of India, specially by Shankara 
and Patanjali had been really met. It is an entirely 
different question how far those demands can be really met 
within the range of philosophy, and Hegel at any rate 
would be the last person to believe in the superior authority 
of a philosophical superstructure which is built on a 
universal scepticism about the efficiency of thought and 
reason. An Absolute which does not reveal itself in the 
terms of thought is, for him, a mere word. Hence, while 
former metaphysics, in the words of Prof. W. Wallace, 
“ had dashed itself in vain against the reefs that girdle 
the island of the supersensible and noiimenal, the supposed 
world of true being,” he substituted for “ the distant and 
transcendent Absolute which was the object of older 
metaphysics an Absolute self-revealing in the terms of 
thought.”^ This brings out, with an unmistakable preci- 
sion, the wide gulf which separates Indian absolutism from 


^Prolegomena to EegeVs Logic, second edition, p. 387. 
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that type of idealistic speculations which became the 
common property of thinkers from Hegel onward. 

THE IDEA 

Whatever may be our final attitude to the problems 
raised above, this should not prejudice our judgment about 
the facts. Hegel could never sympathise with Shankara 
when the latter insists on the pure unity of Brahman, for 
this in the absence of determinations is a simple blank 
vacuity which can explain neither itself nor its ‘ other.’ It 
does not matter, he points out, whether their abstract iden- 
tity be named space, or time, or pure consciousness, ego; in 
so far as it is an abstraet absolute, it lacks the condition 
of a synthesis, which consists in mediation or a reference 
to another; “ it is quite the same thing as what the Indian 
names Brahman, when, externally motionless and no less 
internally emotionless, looking years long only to the tip of 
his own nose, he says within himself just om, &m, om, or 
perhaps just nothing at all. This dull void conscious- 
ness, conceived as consciousness, isi Being.”^ But to plant 
ourself thus fast in the abstract absolute is an impossible 
feat for thought; thus “ Parmenides with his illusion and 
his opinion must consent to own an opposite of being and 
of truth; as, similarly situated, is Spinoza with his attri- 
butes, modes, extension, motion, understanding, will, etc. 
The synthesis involves and shows the untruth of those 
abstractions; in it they are in unity with their other — ^not, 
therefore, as self-subsistent — -not as absolute, but directly 
as relative.”* Knowledge, for Hegel, cannot find self- 
fulfilment in this abstract identity of pure being, its ideal 
cannot be a thing existing “ not under relation,” for 

1 Dr. J. H. Stirling, TU Secret of Hegel, p. 233, 

2 lUd, p. 234. 
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duality is the very essence of intelligence.^ Its ideal is 
rather to be found in “ the pure transparent identity-in- 
difference of self-consciousness ” ; and consequently, the 
absolute idea is the idea of “ a self-consciousness which 
manifests itself in the difference of self and not-self, that 
through this difference, and by overcoming it, it may attain 
the highest unity with itself.” Indeed this description 
of the Absolute has been rmanimously accepted by occiden- 
tal philosophy from the time of Hegel onward, and it has 
completely replaced the agnostic description of a relation- 
less Absolute. The Absolute, says Bradley, is an indivi- 
dual and a system, and it is one in this sense that its 
differences co-exist harmoniously within one whole, beyond 
which there is nothing.* “ Our Absolute,” he points out, 

^ It has been urged that “ the self-exi.stent Brahman ys inde- 
pendent of time space and canse. ... In emphasising the 
independence of causal relations, Brahman is represented to be 
an absolutely static being free fx’oni all the laws of becoming' of 

which the universal rule is causality. This way leads to 

misconceptions There is no change in Brahman thoxtgh 

all change is based on it The comprehension of this pro- 

found philosophical synthesis cannot be obtained so long as we 
remain at tbe level of intellect. It deals witb relations and can- 
not grasp the relationless absolute. But there is nothing on 
eaifh existing in space or time which is not an appearance of the 
absolute. No knowledge is entirely false, though none is entirely 
true.” — Prof. Radhakrislman, InMan Philosophy, I. p. 1T5. It 
is bnwever necessai-y, in view of what has been said above, to 
distinguish this interpretation^ from the Vedantie thought as 
represented hy Shankara who is never tired of insisting otx the 
absolute nothingness of the world of appearance when regarded 
from the standpoint of esoteric knowledge. Shankara’s absolute, 
it is hardly necessary to repeat, has as little roopi for space, time 
and causality as Kant’s Thing-in-itself. The Brahman is the 
gi'ound of the phenomenal world only from the standpoint of those 
who have not attained right knowledge. On the other hand, 
it is eqiially important to remember that Hegel at least could not 
believe in a " philosophical synthesis ” which has to be achieved 
tbrou.gh sometbing other than the relating intellect. Knowledge tor 
him is a trpsparent relation. In perfect knowledge, to qnote Prof. 
A. Seth, "the difference of subject and object is, in tbe current 
phi'ase, transcended or overcome. But this does not mean that 
it disppeaa-s, and that the two side.s fall together in a Ixlank or 
pure identity.” 

" Appearance and NeaJif.f/, Part IT, Oh. 2, 
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“ is no Thing-in-itseif. It is against this empty tran- 
scendence and this shallow pantheism, that our pages may 
be called one sustained polemic. The Absolute is no 
sundered abstraction, but has a positive character.... The 
Reality itself is nothing at all apart from appearances.” 
The contrast of such an Absolute with the Brahman of 
Shankara is too clear to be mentioned in detail. The 
slightest difference is absolutely incompatible with the 
pure unity of Brahman, and the synthesis of subject and 
object upon which the Vedantic monism is ultimately 
founded is not simply a transparent unity in the Hegelian 
sense, and so not within the capacity of intelligence. It 
it rather to be realised through an extraordinary type 
oif vision.^ To lose sight of this contrast is to court mis- 
understanding, and confusion. We must admit that the 
tendency of Shankara’s philosophy is mystical, if we agree 
with Prof. A. Seth Pringle-Pattison,^ in describing it as 
the tendency “ to exalt the divine above all predicates, 
making it literally the unnameable, the ineffable, the un- 
knowable and however indistinguishable it might be 
from nothing, it is yet the highest or rather the only 
Reality for the intuitionist. To put this contrast briefly, 
the Absolute of European philosophy transcends the finite 
in the sense of being more of the finite. It is simply the 
finite at its best. The Vedantic Absolute, on the contrary, 
is transcendent of the finite in the sense that it completely 
annuls the finite. According to the latter, finite self is 
an appearance in the sense of being a mere illusion; while 
for the former it is an appearance in the sense that it 
points to a fuller reality.^ 

^ Prof. Max Muller tlieii is perfectly right when he says that 
" this constitutes the unique character of the Vedanta. . . If 

we have once grasped that synthesis, we know the Vedanta.” — 
The Six Systems, p. 170. 

2 The Idea of God, p. ^0. 

® Cf. “ The common appeal’ances of our lives — of material 
things, of conduct, and of institutions all carry us a certain way and 
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The relation between Hegel and Shankara in respect 
of their philosophical views, it has been our endeavour to 
make clear, is one of unreconcilable opposi- 

some 'attempts tioii. This, we have made an attempt to 
at reconciliation, conncxion With their philosophical 

methods as well as the results which if ollow from them. In 
fact, their conceptions of the Absolute could not have any 
essential points of contact in view of the divergence of 
their philosophic methods. A philosophy that begins with 
a damaging criticism of conceptual thought is not likely 
to have any substantial agreement with another which is 
inspired by a staunch faith in the potency of reason and 
the universal validity of the principles of thought. The 
historic importance of Indian Absolutism therefore con- 
sists in its being one of the types of anti-intellectual retorts 
which, like the Bergsonian retort of our time, have their 
moorings in a deep misology or the distrust of the power 
of conceptual knowledge to reveal the innermost essence 
of Eeality. Hence Shanlcara invokes the aid of an imme- 
diate experience for knowledge of the Eeal. We may put 
these contentions in a clearer light by noticing an interest- 
ing, though to our mind misleading, tendency to mitigate 
the antithesis between intuition and reason either by look- 
ing upon intuition as the crown of reason, or by consider- 
ing reason as the truth of understanding. The former 
line of reconciliation is suggested by the Indian view of 
the three stages of shravan, manan and nididhyasan in 
the complete realization of Truth, and this may be made 

to pronoiinee them illusory would be a foolish exago'eration.’' — Dr. 
Bosanquet, The Principle of Individuality and Value, p. 22(-i. 
The doctrine of Maya, he remarks further on, arises out of con- 
fusion on this head; because our facts break down at a certain 
point, it is forthwith concluded that the world of appearance i.^ 
a mere illusion. Similarly, with regard to Aiiwana and absorp- 
tion in God he observes that it “ however positively ron.strued 
remains a veiy different thin^ from our Absolute with" its appear- 
ances.” — The Value and Destiny of the Individual, p. 270. 
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the basis of insinuating the epistemological inferiority of 
a system of philosophy which is limited to only one of these 
three indispensable stages of knowledge. On the other 
hand, the Hegelian distinction between the standpoint of 
reason and that of understanding, is sometimes made the 
occasion for the distant suggestion that Hegel, by 
recognising the stage of reason beyond that of understand- 
ing recognised the partial truth implicit in the Pure 
Being of intuition. Thus it has been urged, ^ that “ the 
East is apt to believe that only identity is real, and that 
differences are illusory — which is in fact explicitly stated 
in the doctrine that only the one is and that the world of 
difference and multiplicity is Maya, illusion. Its formula 
is A is A.” But this formula, it is pointed out, is “ the 
work of understanding.” The Hegelian principle of 
reason, on the other hand, is the principle of the identity 
of opposites which “ does not oppose, but includes, the 
principles of the understanding. It only opposes the one- 
sidedness of understanding.” In face of such a dis- 
paraging criticism which is in fact suggested by Hegel’s 
treatment of the category of being, the first impulse of 
those who think that the only way of Justifying the study 
and estimating the value, of Indian philosophy is to ex- 
tract out of it the quintessence of European thought will 
be to repudiate this identification of the abstract identity 
with the Vedantic Ab^lute and declare that “ the 
Vedantic Absolute is not the abstraction of an etre 
siij)rhne which deletes all differences but is a spirit that 
transcends and at the jsame time embraces all living 
beings.” ” The Maya theory simply says that we are 
under an illusion if we think that the world of individuals, 
the pluralistic universe of Hie intellect, is the absolute 
reality.”^ This declaration, however, as we have indicat- 

’ Mr. W. T. Stace, The Philosophy of Hey eh p, 103. 

” Prof. Radhakrishnan, Philosophy, p. 445. 
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ed above, can hardly be an unprejudiced account of the 
Vedantic Absolutism. It not only runs counter to what 
is explicitly taught by Shaukara about the Absolute being 
entirely free from all the conceivable types of difference, 
but is further irreconcilable with his conception of salva- 
tion or emancipation as the immediate consequence of 
right knowledge realised only in the intuitional experience 
of identity. It is again a serious misrepresentation of the 
Maya theory, though it may help us to read the Hegelian 
theory of transcendence into Vedantism, to interpret 
Maya as the individual’s confusion of the relative with the 
absolute; for here too we have very explicit statements 
which unmistakably point to . the Absolute unreality of 
the world of multiplicity. Maya, it must be remembered, 
is for Shankara the material cause of the phenomenal world 
which includes everything except the pure cMt, and not 
simply a subjective confusion. At the dawn of right 
knowledge its true character as pure nothing is realised, 
and with this realisation vanishes the belief of the reality 
of the phenomenal world. Thus the abstract identity, 
however defective it may be from the standpoint of concep- 
tual knowledge, is the highest truth from the view-point 
of intuition. The distinction between these two stand- 
points is a vital aspect of Shankara’s monism. One i.s 
shastra dristi, which may be translated for our present 
purpose as the standpoint of intuition, and the other is 
yuhti dristi or that of ordinary knowledge. According to 
the former, Maya never existed in the past, does not exist 
in the present and will not exist in future; but as judged 
in the light of the latter knowledge it is both the material 
cause of the world of multiplicity as -well as the cause of 
our false judgment. It is then entirely unprolitabie, and 
perhaps unnecessary too, to defend the Vedantic Abso- 
lutism by putting on it a far-fetched interpretation on the 
Hegelian line which it can hardly bear-, for, if there is any 
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point winch ma.y be fairly taken to be the central core of 
Shankar a’ s teachings, it is the unity of the Brahman 
which excludes, and not simply transcends, all differences. 
Hegel might join hands with Shankara in so far as the 
latter holds that the Absolute is a unity which is above all 
differences and in reference to which we must account for 
all these differences; that it is not a finite thing in the 
democracy of other finite things or a God which is yet to 
be; that the distinctions lietween spirit and matter, subject 
and object are not absolute. But when Bhankara, not 
satisfied with the ideal of rational or conceptual know- 
ledge, would proceed to point out that this unity is an 
absolute identity in which all differences disappear, Hegel 
would surely experience a severe revulsion of spirit as he 
did in the presence of the Schellingian Identity. The 
Brahman, he would then point out, is the unity of sub- 
stance rather than of spirit. 

If then it is a mistake to interpret the Vedantic Abso- 
lute as the ideal of reason which for Hegel wae an identity 
in difference, no less serious is the error of thinking with 
the critic that the Vedantic Identity is no better than the 
abstract identity of understanding. The principle of con- 
tradiction which necessarily leads thought to determine 
or mark off one thing from another, and which according- 
ly emphasises the self-identity of things in their abstract 
exclusiveness ma.v stand in need of correction from the 

■.V 

standjioint of reason which brings out the impossibility 
of separating one thing from another so completely as to 
make their relation disappear. But the Identity which 
is realized in the intuitional experience is expressly assert- 
ed to be unthinkable and consequently the problem of 
differentiation and relation cannot be fitly raised in this 
connexion. Two things may differ from each other either 
in their spatial positions or temporal locations or merely in 
their contents. But these distinctions cannot be relevant 
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to what is infinite in the sense of being free from these three 
types of limitation, or desh-hal-vastu-farichhedslmnya. 
In other words, the principle of contradiction which has 
universal application in the world of plurality or multipli- 
city is surely a half-truth in so far as it accentuates 
difference exclusive of relation, and so it was Hegel’s great 
merit to have brought out the secret of the intellectual 
mechanism which in the very act of differentiating also 
unifies. But this is entirely irrelevant when we have to 
refer to what is beyond the mechanism ; when the reference 
is to that which though unthinkable is still realizable in 
experience. The merit of Hegel, we are then persuaded 
to believe, so far as the present problem is concerned, is 
to be judged not with reference to his distinction between 
understanding and reason, but only in connexion with 
what he says against the indeterminate or the Thing-in- 
itself. 

A similar confusion appears to lurk in such state- 
ments as that “ the weakness of the Upanishads lies in 
this that the synthesis is reached not by explicit reason 
but by intuition.”^ If reason is thought, then to contrast 
the intuitional synthesis with the synthesis of reason seems 
to be as absurd as to contrast, to use Dr. Ward’s example, 
what occurs in a given day with what occurs outside of 
a given door. That is, we can contrast a thing or event 
with another only in so far as they belong to a single con- 
text of reference; but when the Absolute is supposed to be 
unthinkable reached not by reason, we cannot possibly 
institute a comparison between the rational and the 
intuitional synthesis. It should be however distinctly 
understood that this does not mean that the intuitional 
synthesis is above all criticism. Whether it is so or not 
it is none of our present purpose to discuss. What we 

’ Prof. Radhakri.shnan, InMan PMhuophy, I, 2fS4. 
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contend for is that an impartial criticism of intuitionalism 
should not seek a common ground by attributing to it 
what it expressly denies. So when it is urged by the 
intuitionist that what is absolutely beyond thought and 
speech can yet be reahzed in a living experience, it is not 
to the purpose to point out that the synthesis is not reached 
by reason; all that we can do is to consider how far the 
immediacy of an experience has a higher truth-value than 
the systematic coherence of thought. This, as we have 
ventured to suggest on another occasion,^ is the root dis- 
tinction between the Hegelian and the Shankarite stand- 
points. 

To turn now to the second type of reconciliation, it 
has been urged that the thinking consideration of things 
which is identified with philosophy in the West is only a 
stage in the complete realization of truth. For the 
development of a'parohsanuhhuti rational discussions form 
only a propaedeutical measure of self-discipline. Their 
function is to remove the sense of impossibility about the 
revealed truths,^ and thus prepare the way to the actual 
experience in which alone ‘ reality ’ is apprehended with 
an immediate or intuitive certainty. It is such expres- 
sions as these which apparently lend countenance to the 
view that intuition is the crown of reason or that rational 
knowledge seeks self-fulfilment in something beyond 
reason. On closer inspection however it may be discovered 
that the Indian position does not admit of such an inter- 
pretation; firstly, because it runs counter to the explicitly 
misological tendency which, as we have noted above, is 
characteristic of the orthodox systems in general and of 

^ The Method of Indian Ahsolufism, a paper read at the secoad 
session of the Indian Philosopliical Congress. 

* Thus Madhusudan describes as 
and as atw 

< Gom. to Gita, VI. 8, of. also VII, 2. 
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Vedantism in particular. Shankara is emphatic on the 
inefficiency of unaided reasoning.^ The strength of 
his conviction in this respect is evident from his 
reply to a possible objection which, — and he was too 
acute a thinker not to have seen it, — goes to the very 
root of the matter. Every serious quest of truth which 
begins by a repudiation of the claims of thought must sooner 
or later face the problem if in the very act of proving the 
incompetence of thinking or reasoning, the validity of proof 
and consequently that of intellectual processes in general 
is not presupposed. Thus Bergson anticipating this 
inevitable objection asks if there is not a vicious circle 
involved in his attempt to go beyond intelligence.® 
Shankara’s reply to this and other allied objections, as is 
well-known, is that reasoning, based as it is on ordinary 
perception and inference, is incompetent to grasp the 
abstruse nature of the ground of the universe; so in such 
matters its validity has to be ascertained by examining 
how far its conclusions are supported by the Holy Writ 
which in turn needs no proof. Whether satisfactory or 
not, this reply indicates Shankara’s implicit faith in the 
intuitional experiences. Excessive Intellectualism, he 
says in effect, is not fit for deciphering the mystery of the 
universe. Discussions and debates however have a func- 
tion in so far as they are measures of self-discipline indis- 
pensable for that profound transformations of our ordinary 
habits and dispositions leading to the intuitional ex- 
periences. This brings us to the second point in our 

arguments. Shankara’s explicit rejection of the Yogic 
method of knowledge, together with what he says 
about the need of reasoning is sometimes supposed to 

’ Compare specially, /S'. 5. II. 1 , 6 . — — - 

. "^C reative Evolution, p. 202. Of. Shankara- !l% m 

S. Bhas'ya, II. 1. 11. 
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be a sufficient proof of his respect for reason; and 
so it is contended that he at any rate does not found 
his philosophy on isolated intuitions. The method 
suggested by him is rather, it is said, that of reason- 
ing which when conducted in the right spirit gives 
birth to intuitive certainty. It is through jnanam, and 
not yoga that one is, according to Shankara, to acquire 
certainty. Now, it is true that the yoga and jnanam are 
sometimes described as two different methods of realiza- 
tion.^ It will however lead to serious confusion of issues 
if we interpret this as indicating Shankara’ s rationalistic 
tendency. He could not surely have failed to notice the 
absurdity of blowing hot and cold in the same breath. 
When he accepts jnanam as the only method of realization, 
he does not leave us in doubt as to what he means. Jnanam 
he describes as the ascertainment of what is laid down in 
the Shastras and it does not become 

mjnanam till the things are actually intuited. So it is 
apparently unquestionable that the Yogic method and 
that oif Shankara do not differ from each other in so fax 
as an ultra-rational and super-sensuous experience is 
advocated by both as the highest authority. Shankara 
however finds in reasoning an indispensable instrument 
leading to the development of that experience. Eeason- 
ing or discussion, if left to itself, cannot produce absolute 
certainty, for any proposition can be rationally defended 
provided we have the necessary forensic gift. All it can 
really achieve is to strengthen our belief in what is laid 
down in the Shastras by showing that the rational con- 
clusion does not contradict Revelation. In other words, 
there are, according to Shankara, three stages in the 

’ Of. e.g., Basistha— It Tra? I 

|t 51^ ^ •WW fitJRT! H'^quoted by Madhusndana, Com, 

#0 VI. 29. 
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development of Mief ; and reasoning which is necessary 
at the second stage has the negative function of removing 
doubt about the truth of the revealed dogma. But belief 
cannot reach the intensity of absolute conviction till the 
rational conclusion forms the content of a living ex- 
perience. Here seeing is believing. 

'A PROBLEM 

The conclusion then seems to be inevitable that the 
Indian view of the relation between intuition and reason 
is one of irreconcilable opposition. Intuition might be 
the crown of reason only if reasoning conducted in an 
absolutely impartial spirit had for its immediate effect 
the intuitional conviction. But this it cannot do, for 
unaided reasoning upon metaphysical subjects is sure to 
lead to antinomies. Accordingly, Shankara has to warn, 
as Kant does at a later age, that a truth-seeker should 
avoid the transcendental illusion Of applying the ordinary 
means of knowledge to things which are strictly meta- 
physical; and inasmuch as reasoning is one of these 
ordinary methods of knowledge, it must be always sub- 
ordinated to intuition. Here arises a problem of vital 
im.portance. It has been pointed out by the critics of 
intuitionalism that in so far as it has to appeal to a 
subjective conviction as the highest authority, intuitional- 
ism stands self-condemned.^ For, no theory of knowledge, 

^ Prof. _W. P. MontagTie, “ The Mediseval monks, 

tte holy men of India, the Mohammedan dervishes, and the 
t'hnsfaan Scientists of onr own day are hut- a few of those whose 
souls have been flooded with an inner light bringing conviction to 

the mind and peace and courage to the heart That each 

,4 attribute the po-wer of his mystical efxperience 
to the ^ peculiar technique by which his state of illumination 
IS attmned, or to the truth of his particular creed, is natui^ 
^”^69 ' of oo logical significance.”— TAe Wa^ft of Kruming, 



ABSOLUTISM OF SHANKARACHAKYA 


429 


it is urged, can have a claim to our assent which fails to 
distinguish between the psychological and the logical 
validity of an assertion. This, however, leads us beyond 
the scope of the present essay which is primarily intended 
to expose the error of reading Hegelian absolutism into the 
philosophy of Shankara. 
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PREFACE 

Ayodhya is second to none among the holy places of 
Hindu India yet it is an irony of fate that, beyond brief 
references to it in the proTincial and district gazetteers, it has 
not attracted the attention of scholars. Mathura (Muttra) 
boasts of an extensive Memoir from the pea of Mr. F. G-. 
(xrowse, the translator of the Ramayan of Tulasi Das. 
Benares has been exceedingly fortunate. In 1868 the 
Revd. M. A. Sherring published The Sacred City of the 
Hindus : An Account of Benares in Ancient and Modern 
Times, He was followed by the Revd. Arthur Parker in 
1895 with his Handbooh qf Benares, by Mr. F. B. Havel 
in 1905 with his Benares, the Sacred City and shortly after 
by the Revd. C. P. Cape with his Benares the Stronghold of 
Hinduism and last of all by the Revd. Edwin Greaves 
with his Kashi. Even Allahabad in which the religious 
element is confined to the Confluence {Sangmn) and the 
isolated portion called Daraganj, found, though rather late, 
in Babu Ramanand Chatteqi, sometime Principal of the 
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Kayastha Pathshala, a scholar to write a book called Prayag. 
There is no apology needed therefore for the compilation of 
this little book. The credit, however, for its appearance in 
its present shape and at the present time is due to Mr. R. C. 
Hobart, the popular Deputy Commissioner of Fyzabad, 
under whom I had the honour of serving a little before my 
retirement in 1911. More than two years ago he requested 
me to write a history of my native town. I was then very 
busy with my Selections from Hindi Literature for the 
Calcutta University, since pronounced to be a monumental 
work, of over two thousand pages Royal 8vo. On the 
compilation of this book a scheme was dra-wn up and 
approved by Mr. (now Sir Richard) Burn, one of the great- 
est orientalists who ever graced the Indian Civil Service. The 
period ending with the termination of the Hindu supremacy 
was completed and approved by him. For various reasons it 
was considered advisable to end the book there, though Sir 
Richard was of opinion that it should be brought up to date. 

The book has no pretension of being a connected 
history. All materials available have been collected and 
arranged under separate heads. I have been by my work 
and other circumstances kept away from Ayod hya and little 
local information could be obtained. I did, however, long 
remain there as a student, as an assistant master and lastly 
as headmaster of the high school, and a groat deal of what 
is written in these pages was collected long ago. N'everthe- 
less no one is better aware of its shortcomings more than 
myself, especially as English is not my mother-tongue. I 
hope the scanty materials collected and noted oji here jnay 
create an interest in this -ancient city anrl attract the 
attention of archfeologists and historians, 
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1. ANTIQUITY OF .AYODHYA 

xiyodhya, now a small town of 5,000 inhabitants, four 
miles north-east of Pyzabad, “ is undoubtedly a place of 
immense antiquity.”* It was the old capital of Uttara 
Kosala, “that happy kingdom in which all that the Hindu 
race reveres or desires was realised as it can never be 
realized again, and the seat of the glorious dynasty which 
began with the sun and culminated after sixty generations 
of blameless rulers in the incarnate deity and perfect man, 
Rama. Whether criticism will finally enrol the hero among 
the highest creations ofpure imagination, or accord him a semi- 
historical personality and a doubtful date, it is barren to spe- 
culate : history is more nearly concerned with the influence 
which the story of his life still has on the moral and religious 
beliefs of a great people, and the enthusiasm which makes 
his birthplace the most highly venerated of the sacred places 

‘ Nevill’s Pyzabad District Gazetteer, page 172. 
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to Yrhioh its pilgrims crowd.” ‘ As the birthplace of Rama it 
is considered the first of the seven tirthas or holy places of pil- 
grimage and is piously believed to be the greatest and holiest. 
“ Ayodhya, Mathura, Maya,' Kashi, Kanchi (Conjeeveram), 
Avantika, Dwarawati (Dwarka), these seven confer eternal 
beatitude.”* Nor should the occurrence of Ayodhya as the 
first word in the verse be ascribed to the exigencies of metre. 
Another well-known Sanskrit verse distinctly says that 
Ayodhya is the head of the tirthas.^ Several of the six 
tirthas owe their sanctity to their connexion with this 
capital of Kosala. Mathura long before the birth of Krishna 
was founded by Satrughna, deputed by Rama to kill Lavana, 
who harassed the rishis practising tapas (austerities) on the 
banks of the Jumna. Maya or Mayapuri is another name 
for Hardwar, where the holy Ganges brought into the world 
by Bhagiratha, one of the kings of Ayodhya, descends into 
the Indian plain. Kashi (Benares) is the smashanbhumi 
(cemetery) of Ayodhya. 

Ayodhya even to this day is as sacred to Jains as it is to 
ffindus. In the chapter on Ayodhya in Jain Literature 
it will be shown that out of twenty-four tirthankaras or 
patriarchs, twenty-two were of the Solar (Ikshvaku race), 
and five including the first were born in Ayodhya itself. 

“Of Buddhism, Kosala has without doubt a strong claim 
to be considered the mother. Kapila and Kusinagara, both in 
Gorakhpur and both of that country (Kosala), are the Alpha 
and Omega of Sakyamuni, the founder of that faith. It was 


' Oudh Gazetteer, Introduction, page xxxi. 
" PTiyr Tjriir i 

srfvT gjiRcff %fe;i 
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placed "r* bo® ; it was at Ayodhya that he 

, perhaps composed those doctrines which have 
conferred npon him a worid-wide fame, and it was a 

s^rj” ! “1 ‘hat much-desiderated 

st^e of annihillahou by sanctiflcation which is known to his 

followers as Niryana’ B. C. 550 

Politically, after the extinction of the Solar race, it was 
the capital of the mighty Guptas for nearly a century and 
even under Muslim rule a part of old Ayodhya with the 
. iislim name of Pyzabadwas the seat of government of the 
rst three ^awab-Wazirs and in the reign of Shuja-ud-daula 
Its splendour excited the admiration of travellers.* It has 
now ost all political importance and is pre-eminentlv a city of 
temples but it is still the headquarters of the Ram aiiandi sect 
of \ aishnavas, a sect whose teachings, reflected in the great 
vernacular Ramayan of Tulasi Das, composed here in 1574 
(1631 \.E.), have given a religion and a code of morals 
with slight local modifications to the whole of Northern India- 


2. ABORIGINES OF AYODHYA 

Neither archaeology nor tradition throw any light on 
the races which inhabited Ayodhya before the Solar line 
was established. According to the Ramayana of Valmiki 
and the Puranas, Mann was the first king on earth and his 
tlescendants established kingdoms in various parts of India 
including the Deccan. But when Manu formed a kingdom 
in A\odhya for his son Ikshvaku, all his subjects could not 
have been of his own kith and kin. Oriental scholars give 
a geneiic name of Dravidian to the original inhabitants of 
the country, which, according to Dr. Vincent Smith, is one 
of the most misleading terms ever introduced. ® That a 
pastoral tri be inhabited the country, t hough but sparsely, there 

^ Oudh Gazetteer y pa^e 4.' ' ■ 

“ Oudh Gazetteer^ 460 * ' " 

Marly Hietary of India, page 41 3, 
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is not the least doubt. We hear of conflicts between the 
Suras (gods) and Asuras (demons) in the Vedas and the 
Puranas. Aryans, however, were never a bloodthirsty 
people, nor did they carry diseases in their train which were 
fatal to the conquered and from which they were practically 
immune. The aborigines,. though thrust into the background, 
were allowed to live a peaceful life. The Suras, who were 
probably the Aryan inhabitants of the Himalayas, had 
occasionally to fight the Asuras. They sometimes found the 
Asuras more than a match for them and appealed to mortal 
kings such as Dasaratha and Dushyanta to help thejn but we 
never hear of any annihilation of the Asuras. We - therefore 
endorse the following remarks in the Chronicles of Oonm : — 
“When the Aryan race invaded the Gangetic valley 
aUd the Soorajbunses settled in Ayodhya, the natural 
course for the aborigines would be to fly to the hills and 
find refuge in their impenetrable fortresses girded with the 
deadly Tarai. To the borders of that Tarai, the invaders 
would pursue them, and garrisons stationed there to cheek 
their encroachments would naturally grow into towns. ’ 
It has before been remarked that the mystic legends leave 
no impression of a large subject race existing in Oudh 
but rather of a vast solitude inhabited by a scanty race 
employed in pasturing cattle. The scene before us at the 
fall of the historic curtain is an inhabited forest country 
and a large colony of Soorajbunses occupying Ayodhya 
as their capital. When the curtain rises again we find 
Ayodhya destroyed, the- Soorajbunses utterly vanished and 
a great extent of country ruled over by aborigines called 
Cheroos in the far east, Bhars in the centre, and 
Rajapasis in the Avest. The great revolution seems to he 
satisfactorily explained by the conjecture that Bhars, 
Cheroos,® etc., were the aborigines whom the Aryans had 

‘ Probably Bahraioh (Bhar-aich) is one of such towns. 

“ To these I would add Tharus of Bahraich. 
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driven to the hills and who swarming down from thence 
not long after the beginning of our era overwhelmed the 
Aryan civilisation not only in Saketan^ and other northern 
towns but in Ayodhya itself, drove the Soorajbunses under 
Kanaksen to emigrate to distant G-ujerat and spread over 
the plains between the Himalayas and that spur of the 
Vindhya range which passes through the south of Mirza- 
pore.”’ 

This is the only explanation that can be given of the 
fact that most of the Rajput estates in Oudh originally 
belonged to Bhars, from whom they were ousted by 
Kshatriyas by methods sometimes not strictly chivalrous. 
Historians have also gone to the length of saying that many 
of the so-called Rajput elans in Oudh were originally 
Bhars. 

3. AYODHYA IN THE VEDAS 

Neither Koshala nor its capital Ayodhya is expressly 
mentioned in the Vedas.® The river Sarayu, however, is 
invoked in Rig. X. 64. 9 jointly with Sindhu, and Saraswati 
‘ to animate the worshipper promising w'ater rich in balm ’* 
showing that as a sacred river it had already attained in that 
early period of our country’s history a sanctity second only 

’ The writer mistakes Saketan for Sravasti. 

* Ohronioles of Oonao, page 27. 

^ No satisfactory explanation is forthcoming of this omission. 
Mr. Pargiter is of opinion ‘that the really famous kings, confident 
in themselves and their big battalions oared little about the divine 
assistance which the rishis professed to bestow.* ‘ The accounts 
as they stand now generally extol such great rulers as munificent 
saorifioer.s, yet the rishis have preserved no hymns composed in 
I heir honour.’ In the case of kings of Koshala it cannot be said 
that no rishis capable of song existed during the reign of all these 
raonarohs because the great rishi Vasishtha to whom and to whose 
pupils quite a large number of hymns are attributed was the court 
priest of Ayodhya. 

* Griffith's Rig Veda, Vol. II, page 473. 
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to Saraswati, though its mention along with the two rivers 
of the west has led some scholars to surmise that there was 
also a river of that name in the Punjab. The ruling dynasty, 
however, fared a little better. In Rig. X. 60. 4 ascribed 
to King Asamati and addressed to Indra, Ikshvaku, tlie 
founder of the Solar line of kings or the tribe of whicli ho 
was the progenitor, is described as flourishing in the service 
of Indra ’, ‘rich and dazzling as the Five Tribes that are in 
heaven,' Twentieth in descent from him, Mandhatri, son of 
Yuvanashva, the second king of that name in the table printed 
at pages 455 — 457 was not only a great king but also the rishi 
(seer) of Rig. VIII. 39. 8. He is the first in sacrifice and 
the best slayer of Dasyus and Agniis sought for him.* In the 
next hymn, Mandhatri is mentioned as a singer of the same 
rank as the Angirasas anticipating Rig. X. 1 34 * which is 
attributed to Mandhatri, the express mention of the name of 
whose father Yuvanashva placing it beyond the shadow of a 
doubt that the rishi of the hymn was a sovereign of the Solar 
race. A careful study of this hymn shows the royal charac- 
ter of the singer who prays not only for the destruction of 
his enemies, the wicked, but asserts that he himself is free 
from the vices which lead sovereigns to deviate from the 
path of duty. 


’ Griffith's Rig Veda, Vol. II, page 464. 

* Griffith’s Rig Veda, Vol. II, page 181. 

■’ Never, 0 Gods, do we offend, nor are we ever obstinate: 
we walk as holy texts command. 

Closely we olasp and cling to you, cling to \our .sides, 
beneath your arras. 

(Griffith’s Rig Veda, Book III, page 580.) 

The rishi of this hymn is Mandhatri (RIP-aTr^) whtu-eas 
the king mentioned in the first two is Mandhatri (R^’^TT^). Nobody, 
however, has ever doubted that the two names were not 
identical, 
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4. ATODHYA IN THE PUKANAS 
A. The Subta Yansa 

Ayodhya is pre-eminently the capital of the Solar line of 
kings. ‘ The most salient feature that appears on a comparison 
of the genealogies is the great length of the Solar dynasty 
of Ayodhya.’ ' Prom the table given at pages 455—457 
it will appear that it contains 123 names, 93 of which ruled 
before the G-reat War and 30 afterwards. Even when the 
whole of Northern India was overrun by hordes of Sakas, 
Pahlavas, Kambojas, etc., and every kingdom in the north- 
west and the Madhyadesa had fallen, the Koshala line went 
down for a time only but was re-established. ‘Other 
dynasties were not so great and important continmtisly as the 
Solar monarchy and their lists are not handed down with 
the same veneration and fullness.’* Mr. Pargiter says 
that Koshala from its eastward position escaped various 
calamities that befell the more westerly kingdoms.® I am, 
however, inclined to think that it was a succession of power- 
ful sovereigns who wielded the sceptre of Koshala for 
several centuries and kept foreign invaders at a respectful 
distance, that gave to the seat of their government the 
cognomen of Ayodhya, the Invincible, and not its eastern 
or any strategic position, and it was only after the devastat- 
ing Great War which “constituted a notable terminus ad 
quern, as if a period of considerable prosperity, knowledge, 
and refinement was succeeded by one of disorganization 
and darkness,”* that the Solar line in common with 
the whole of India began to show signs of weakness till its 
extinction after the Great Revolution in the reign of Maha- 
padma Nanda or earlier, after which Koshala seems to have 
been included in the Sishunaga and the Mauryan Empires.. 


> J.B.A.S., 1910, page 9. 

* J.R.A.S., 1910, page 11. 
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Even in the Mahabharata the Solar line played a small part 
and seems to have suffered an eclipse during this period, 
probably caused by Jarasandha/ 

This dynasty commenced according to Bentley, who 
based bis calculations on the data in the Grahamanjari, in 
the year 2204 B.C.® Manu was the common ancestor 
of the Solar and Lunar lines,- of the former through his son 
Ikshvaku and of the latter through his daughter Ila. Manu 
founded the city of Ayodhya and having defined the boun- 
daries of the kingdom of Koshala gave it to Ikshvaku. 
Ikshvaku’s supremacy seems to have extended over the 
greater part of Northern India, for we find that one of his 
sons, Nimi, established himself in Yideha and founded the 
Kingdom of Mithila and another Dishta (orNedishta) founded 
Yishala on the Gandak. Mr. Pargiter assuming the date 
of the Great War at about 1000 B.C, and disagreeing with 
Duncker ‘who gives 4 calculations for the beginning of the 
Kali age, that is, approximately for the date of the great 
battle, viz., 1300, 1175, 1200, and 1418 B.C. ’ remarks that 
Ayus, Nahusha, and Yayati, who are alluded to in the Rig 
Yeda, would be placed not later than some twenty-three cen- 
turies B.C. In the lists given at page 27 of the J.R.A.S., 1910, 
to which frequent reference has been made by me, Ayus of the 
Lunar race in the order of succession corresponds to Sashada, 
Nahusha to Kakutstha, and Yayati to Anenas. Mr. Pargiter's 
estimate therefore closely corresponds to Bentley’s date. 
The date of the Mahabharata, however, is still siih Jmlice. 
Eai Bahadur Srish Chandra Basu, Yidyarnava, in his 
learned article on the ^Date of the Mahahhamki Wur^ 
has gone through the question carefully and comes to the 
conclusion that the Great War occurred nineteen centuries 
before Christ. 

* J.R.A.S., 1910, page 323. 

“ Asiatic Researches, Vol, VIII. 

^ Sacred Boohs of the Hindus— the Mastya Puranam, Appendix II. 
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I shall now proceed to give a short account of such 
kings of the Solar dynasty as were of any historical impor- 
tance. 

3. Shashada ( Vihikshi). — 'From the Buddliist records 
it appears that the banished sons of the third Okkaka 
(Ikshvaku) king (Yikukshi) went away towards the Hi- 
malaya mountains, . . . and there they founded the city Kapi- 
lavatthu (Kapilavastu), on a site (vaUhit, vastii) occupied and 
assigned to them by the Brahman saint Kapila, a previous 
incarnation of Buddha, whom they found dwelling in a hut 
of leaves, on the banks of a tank on a slope of the Himalayas 
in sakasanda, sakavanasanda, ‘ a grove of teak trees 

4. Kakutstha - — Paranjaya was the son of Shashada 
and grandson of Ikshvaku. In the ever-recurring quarrels 
between Suras and demons he conquered the demons sitting 
on the hump (kakut) of Indra who had assumed the form of a 
bull, and was therefore called Kakutstha — one seated on 
the hump. 

5. Prit/jM.— According to the Mahabharata, Prithu was 
the first man who levelled the earth which is therefore 
called Prithvi. A slightly different account is given in 
the Harivansa and this story is referred to in the first 
canto of the Kumarmambhma. Here the earth is repre- 
sented as a cow and milked by the gods to produce brilliant 
gems and pliosphorescent plants. Probably Prithu was the 
first king to introduce cultivation in India and corresponds 
to Jajnshed of the Persians. 

10. Sravasta founded the city of Sravasti. * 

12. Ktivalai/asoa killed a demon named Dhundhu and 
was therefore named Dhundhumara though he lost a number 
of his sons in the conflict. 


' J.R.A.S,, 1906, page 163. 

® Sra?astl is now represented by a mass of ruinso ailed Maheth 
on the south bank of the Rapti, 12 miles to the west of Balrampur 
in Gonda district. 
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20. Yumnasva JJ married Q-atiri, daughter of Mati- 
nara of the Lunar dynasty (No. 20 of the Paurva line).^ 

21. Mandhatri- — He was a mighty monarch and it is 
said of him that from the rising to the going down of the sun, 
all that is irradiated by his light is the land of Mandhatri, 
the son of TuTanasva. 

22. Puruhitsa conquered the G-andharvas who had 
oppressed the Nagas. It also appears that his daughter 
Purukutsa was mother of Gadhi (No. 30 of the Kanyakubja 
line in Mr. Pargiter’s list).® 

25. Anaranya. — This king was killed by Rayaua of 
Lanka in his ‘triumphant progress through the nations ’ or 
more literally, ‘campaign of universal conquest,’ and the field 
of battle is still pointed out on the site of the present town 
of Raunahi about 14 miles to the west of Ayodhya. It does 
not appear, that Ayodhya was ever invested by Ravana or 
his supremacy was established even temporarily here. It 
may, however, be noted that Rama in conquering Lanka 
after a few generations only paid off old scores. . 

30. Trayyanma. — This monarch’s reign was marred ^ 

by an unfortunate incident and the following facts have been 
sifted by Mr. Pargiter from a mass of myth : 

Trayyaruna had an only son named Satyavrata. ‘ In 
an outburst of youthful wantonness he interrupted the | 

wedding ceremony of one of the citizens and carried off 
the bride.’ The offence was not very serious but the king 
misunderstanding its real nature disowned and banished 
him, his only son. Vasishtha knowing the true facts made 
no attempt to set the king right but allowed tlie sentence 
to stand. Satyavrata quitted the capital Ayodliya and made 
his dwelling near a hamlet of dog-eaters but resentment 
rankled unceasingly in his mind against Yasishtha, because 

> J.R.A.S., 1910, page 26. 

° Wilson’s Vishnupurana, Vol. Ill, page 267. 

” J.R.A.S., 1910, page 26. 
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Vasxshtha might have taken into consideration that his offence 
did not deserve the punishment meted out to him and should 
ha.e interposed. Vasishtha had a reason for behaving as 
he did and acted deliberately. The king then departed to 
^ ns c ajs in the forest— a natural course for he must have 

chi rf Vasishtha held 
- aigt of the capital Ayodhya, the kingdom and the royal 

seiag 10 whence it seems that the king had no other son to 
uccee im. Tasishtha governed (it is said pointedly) in 
association with the sacrificing priests and religious 
teacheiu This is noteworthy. Nothing is said about 

counci ois 01 Kshatriyas. The administration evidently 

pEssou, into E roiig'ioiis 

Then followed a period of drought which lasted 12 
period * ^ kingdom during the whole 


At that time Visvamitra had placed his queen and his 
cliildren in a hermitage in the Koshala country, and had 
departed to the to perform a long course of 

austerities, the ordeal by which apparently he attained 
Brahmanhood. It is said his queen proceeded to sell her 

second son Galava in order to provide maintenance for the 

rest during the famine. Her residence there must have 
men vuown far and wide. Satyavrata interposed, and 
lesGut and supported the son : his motives were two, a 
esiie to please \isvamitra and compassion for the boy. 

^ isvamitra’s favour was obviously worth winning in Satya- 
vrata s desperate plight, for Visvamitra was a man of com- 
manding position and character, both as king of Kanyakubja 
and as one who aimed at Brahmanhood. Satyavrata assum- 
ed the burden of supporting Visvamitra’s - family, and 
pio\ided them with food from the spoils of his hunting. 


^ J. R. A. 1913^ 695. 

J. R. A. S,, 1913, page 896. 
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showing them the highest respect as befitted their rank and 
his own, for he had become king by right on his father’s 
abdication/ 

‘ During the intensity of the famine, Satyavrata killed 
Vasishtha’s cow to obtain food for himself and Visvamitra's 
family. This aroused Vasishtha’s wrath who threatened 
him with vengeance and stigmatized him as the man of three 
sankus or sins, whence the name Trisanku was given to 
him.’* 

At the end of twelve years, Visvamitra returned after 
completing his austerities and was then a muni. In grati- 
tude he offered Satyavrata a boon. Visvamitra inaugurated 
him in the .kingdom and offered sacrifice for him in spite of 
the gods and Vasishtha. This shows that Vasishtha though 
virtually king of Ayodhya could command no support either 
from the army or from the people and as soon as Visvamitra 
(who combined in his person both famous kingship and 
Brahmanioal eminence) advocated Satyavrata’s right, Vasi- 
shtha’s dominion crumbled to pieces.® 

Vasishtha thus lost both the kingdom and the position 
of the king’s priestand must have been transported with rage 
against Visvamitra. The only way of revenge open to him 
was to deny Visvamitra’s Brahmanhood. It is needless to 
say that Visvamitra triumphed in the tong run. 

31. Trisanku — The story of Trisanku is described 
in the Valmiki Ramayana, Book I, cantos 57 — 60, and may 
be summarised as follows : — 

Trisanku was a good king, but desiring to celebrate* a 
sacrifice by virtue of which he could go up to lieavi'n 
in his mortal body, he requested his family priest Vasishtha 
to officiate for him; on being refused lie next roqm'sted his 
hundred sons wdio also rejected his absurd proiiosai. ile, 

' J. R. A. S., 1913, pages 897-98. 

* J. R. A. S., 1913, page 900. 

® J. R. A. S., 1913, page 899. 
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therefore, called them cowardly and impotent and was in 
return for these insults cursed by them and became a 
chandala. While he was in this wretched condition, 
Visvamitra, whose family Trisanku had in times of famine 
laid under deep obligation, undertook to celebrate the sac- 
rifice and invited all the gods to be present. They, however, 
declined, whereupon the enraged Visvamitra by his own 
power lifted up Trisanku to the skies with his cherished 
mortal body. He began to soar higher and higher till liis 
head struck against the vault of heaven when he was hurled 
down head foremost by Indra and the other gods. The 
mighty Visvamitra, however, arrested him in his downward 
course, saying “stay Trisanku” and the unfortunate 
monarch remained suspended with his head towards the 
earth as a constellation in the southern hemisphere. ' 
The only reasonable explanation of this fact is that Visvamitra 
gave him celestial dignity by naming a constellation Trisanku 
after him. His queen was a princess of the Kekaya race. 

32. Hariskckcmdra . — Of all the kings of Ayodhya 
who preceded Sri Ramchandra, Harishchandra is the most 
famous. The story of his strict adherence to truth even at 
the sacrifice of all that was dear to him is the subject of 
several Hindi plays which are deservedly popular throughout 
the country. The Vedic version on which the Puranic 
stories are based is, however, different and I must again 
refer to Mr. Pargiter’s learned article in the J.R.A.S., 1917, 
in which the historical value of the episode is discussed. 

“ King Harishchandra was childless and made a vow 
that if Varuna would bestow a son on him he would sacrifice 
the son to him. Accordingly he obtained a son Rohita, 
and Varuna demanded the sacrifice as soon as the babe was 


* The saliva flowing in torrents from his mouth is said to 
have produced the river Karmanasa which now forms a part of the 
boundary between the United Provinces and Bihar. 
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born .... It was certainly an extraordinary vow, to promise 
to sacrifice bis son at birth .... but in a religious matter 
of this kind the king would certainly not have acted without 
consulting his great family priest Yasishtha. At any rate 
Yasishtha knew of the vow and allowed it to stand till the sou 
was born. When Eohita was born Yaruna demanded the sacri- 
fice, but the king succeeded by repeated excuses in staving off 
his reiterated demands, till Eohita was invested with the ac- 
coutrements of a Kshatriya in his sixteenth year. It is evident 
that the demand was made by some priest in Yaruna’s name 
and it is incredible that the king would have gone on tem- 
porising all these years without consulting Yasishtha. The 
inference then is obvious. Yasishtha either permitted the 
demand or acquiesced in it : he did nothing to propitiate 
Yaruna or save ' the king ; and thus he virtually supported 
the demand that Eohita should be sacrificed.” 

When Eohita was accoutred as a Kshatriya, the king 
told him of the vow. Eohita refused compliance and departed 
to the forest. The king then fell ill. Eohita heard of that 
and returned at the year’s end to see his father but was 
persuaded to go back to the forest. This was repeated at 
the end of each year till Eohita departed to t!ie forest for 
the sixth or seventh year. This advice could not be friendly. 
To urge on a very young prince, who had been nurtured 
as an only son amidst the best conditions in Ayodhya, 
indefinite years of hard wandering, with no suggestion of 
alleviation ultimately, was little better than mocking at his 
youthful and natural expectations. This persuader is said 
to be Indra but he was evidently a minion of Yasishtlm 
who had already governed the kingdom for 12 years during 
the exile of Trisanku and wanted to be in power again. Tim 
result would be the same as if Eohita had been sacrificed 
or was kept in continuous exile. Yasishtha’s position was 
stronger, for Eohita’s predicament was worse than Sarya- 
vrata’s, because Satyavrata had been only banished, but 
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Rohita’s very life was forfeited under a demand asserted in 
the name of a god. Rohita went back to the forest for his 
sixth or seventh year. There he met the rishi Ajigarta 
with his wife and three sons, all starving, and bought the 
second son Sunahsepa for a hundred cattle. He returned 
with him to Ayodhya, and the king proposed and Yaruna 
(that is, his priest) accepted the substitution of Sunahsepa 
as the victim. Rohita would have been anxious to find 
some way of deliverance, and it would have been a very 
natural thought on meeting the wretched Brahman family 
to buy one of the sons as a victim in his own stead. They 
in their starving condition might have clutched at relief by 
accepting his offer. By it one member would die but all 
the rest would escape, otherwise death faced them all. This 
time nothing kept Rohita away from his father, though the 
old reasons for Indra trying to dissuade him still held good. 
Yaruna (that is, his priest) accepted the substitute, because 
saerificially a Brahman was better than a Kshatriya 
Yasislitha’s interest in the performance of the vow had 
ceased .... The substitution had completely altered the 
whole position. A human sacrifice was no longer of any 
use. Still, manifestly, that could not be openly declared, 
because to avow that Avould betray what the real inten- 
tion had been. The only course now possible was to 
proceed formally with the sacrifice, and yet devise some 
plan for announcing that Yaruna was satisfied without the 
immolation, and for releasing Sunahsepa. Further, since 
the scheming had completely failed it would be natural 
for Yasishtha to take no prominent part in the proceedings, 
and prudent for him to propitiate the king, whose interests 
he had betrayed, covertly if not overtly, all those years. 
Sunahsepa appealed to his maternal uncle Yis^amitra at 
Pushkara for deliverance and Yisvamitra followed him to 
Ayodhya, for his Brahmanhood was now established. 
When the ceremonies began no one was willing even to 
57 . . '■ ■ ■ 
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bind Sunahsepa to the post; manifestly no one wanted 
this sacrifice, even those who had been demanding the 
sacrifice of Rohita. Visvamitra after making a formal 
announcement added ‘ let the munis and the gods preserve 
him.’ It is manifest then that the sacrifice of Sunahsepa 
was from the first purely nominal and formal. He was 
released and Yisvamitra adopted him as his son.” 

33. Rohita (Rohitasva ). — He is said to have founded 
the town of Rohitapura (Rohitas). 

39. Baku . — He was driven from his throne by invaders* 
and died afterwards in the forest. His queen gave birth to 
Sagara who on attaining manhood fought against and finally 
subjugated the invaders. 

40. Sagara ^ — He also subjugated Yavanas, Sakas, 
Paradas and Pahlavas. He had two wives, Sumati, daughter 
of Kasyapa, and Kesini, daughter of Raja of Yidarbha. 
It is said that when he let loose his horse for the hundredth 
horse-sacrifice, it was stolen by Indra and taken to a place 
where Kapila was performing his austerities. The sons of 
Sagara who were in pursuit of the horses suspected Kapila 
of the theft and wanted to kill him, but the muni opened 
his eyes and they were reduced to ashes. Sagara, on learn- 
ing of the death of his sons, sent his grandson Ansumat, the 
son of Asamanjas, to effect the animal’s recovery. The 
youth proceeding by the (deep) path which tine princes had 
dug, arrived where Kapila was, and, bowing respectfully, 
prayed to him, and so propitiated him that the saint said : 

“ Go, (my son), deliver the horse to your grandfather ; and 
demand a boon. Thy grandson shall bring down the river 
of heaven (on the earth).” Ansumat requested, as a boon, 
that his uncles who had perished througii the sage's dis- 
pleasure might, although unworthy of it, be raised to heaven, 
through his favour. “I have told you,” replied Kapila, 

* Haihayas and Talajanghas, 
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“that your grandson shall bring down upon earth the 
Ganges (of the gods); and^ when her waters shall wash 
the bones and ashes of thy grandfather’s sons, they shall be 
raised to Sw'arga.”^ ‘ Sagara, on recovering the steed, 
completed his sacrifice, and, in affectionate memory of 
his sons, denominated Sagara the chasm which they 
had dug.’ It seems to me that Sagara’s sons wmre the 
first who reached the Bay of Bengal and discovered the 
ocean. 

44. Bliagiratha.—^B is said to have brought the river 
Ganges down to the earth. 

50. Rituparna.—'RQ wms a friend of Nala and skilled 
in the secrets of the game of dice. He taught the game of 
dice to Nala wdiich enabled him to win back his kingdom 
and learnt from him the art of managing horses. 

53. Mitrasaha or Kfitlmasapada . — A portion of the 
story of this king appears, in. the Arbuda Mahatmya, an 
extract from which is given in my History of the Sirohi Raj. 
Here Vasishtha is again in evidence. Kalmasapada white 
hunting encountered Shaktri, a son of Vasishtha, in the 
woods and on his refusing to make way, struck the sage 
with a whip. Shaktri cursed the king causing him to 
become a cannibal. As soon as the curse took effect, 
Mitrasaha ate up Shaktri and his brothers. The Vishnu- 
purana modifies this story and says that by a deception 
practiser! on him, human flesh was served to Vasishtha and 
that wdien the sage found this out he cursed the king for 
causing him to become a cannibal. The king knowing that 
he was innocent wanted to curse him in return but w'as 
reminded by his queen that it was ill to utter an imprecation 
upon a holy teacher, and abandoned his intention. Mitra- 
saha does not seem to have had much respect for Brahmans, 


’ Wilson’s Vishnupurana, Vol. Ill, page 382. 
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for he is again found killing a holy man engaged in 
dalliance with his own wife. 

55. Mulaka . — The Vishnupurmia says that ‘when 
the warrior tribe was extirpated upon earth, he was 
surrounded and concealed by a number of females 
from whence is derived the denomination Nari-kavacha 
(having woman for armour).’^ How and by whom 
the warrior tribe was extirpated it is difficult to say 
unless it was the sequel to the battle between Arjuna 
Haihaya and Eama Bhargava who also appears as the 
opponent of Rama, ninth in the descending line from 
Mulaka. 

59. Dilipa II, also called Khatwanga . — He was a 
distinguished votary of the Lord. He defeated the demons 
in the conflict with gods and as he had only an hour more 
to live, he came in hot haste to his native town and by con- 
templating on the Lord attained immortality and union with 
Him. 

61. Baghu . — ^He was a mighty monarch and in his 
campaign of conquest as described in Baghmansa, Canto IV, 
he subjugated the Eastern Provinces Suhma, Vanga, Kalinga, 
Pandya, possibly Kerala, Aparanta, Parsikas, Hunas, Kam- 
bojas. Mountaineers of Utsavasanketa, and Pragjotish. The 
Parsikas are evidently old Persians and it therefore appears 
that Raghu carried his victorious arms out of India also, as 
far as Persia. 

64. Shri Rama Chandra . — He is believed to be the 
greatest incarnation of the Supreme Being and the Great 
Example of a Great King. Partly by conquest and partly 
by inheritance He became master of nearly the wliole of 
India. Before His departure to heaven, He made a 


' Wilson’s Vishnupurana, Vol. Ill, page 310. 
Ibidejn, pages 818—320, footnote. 
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partition of His kingdom among His two sons and six 
nephews installing them as follows : — 

Sons : 

1. Kusha in Kushawati on the brow of the Vindhyas, 
the capital of Dakshina Koshala. 

2. Laya in Sravasti in Uttara Koshala. 

Nephews : 

Angada, son of Lakshmana, in Angadi, possibly a small 
kingdom at the foot of the Himalayas. 

Chitraketu (or Chandraketn), son of Lakshmana, in 
ChandraTaktra, also in the same region. 

Taksha, son of Bharata, in Taksha-shila (Taxila) in 
Gandhara country. 

Pushkara, son of Bharata, in Puskharawati, also in 
Gandhara. 

Surasena (called Bahushruti in the Raghuvansa), son 
of Satrughna, in Muttra. 

Subahu, son of Satrughna, in Tidisa (Bhilsa). 

Ayodhya was deserted by Kama, possibly because he 
apprehended a dispute between the brothers and cousins. 

65. Kusa . — With the unanimous consent of his 
brother and his cousins, Kusa was declared Lord Paramount 
and coming back to Ayodhya restored it to its pristine 
glory. 

82. Hiranyanabha.—B.Q yrm a pupil of Jaimini, 
founder of the Yoga system of philosophy and communicated 
the knowledge of spiritual exercises (Yoga) to Yajnavalkya. * 
As a pupil of Jaimini he was also a teacher of the Sama 
Yeda, his cognomen Kaushalya (^W 5 *r) placing it beyond 
the shadow of a doubt that he was a king of Koshala. * 

94. Brihadbala . — He was killed by Abhimanyu, son 
of Arjuna, in the Great War. The noticeable point in the 


’ Wilson’s Vishnupurana, Vol. Ill, page 323, 
* Ibidem. 
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post-Mahabharata kings of the Solar line is the appearance 
of the following four names : 

23. Sakya — also the name of the race to which the 
Buddha belonged. 

24. Snd,dhodam—&ho the name of the Buddha's 
father. 

25. Siddhartha~a\so the name of the Buddha himself 
before he attained Buddhahood. 

26. Rdhula — also the name of the Buddha’s son. 

Kapilavastu was certainly in the Koshala country but 
there is no evidence to show that Sravasti, to which the seat of 
government appears to have been shifted from Ayodhya at 
this period, was ever included in the kingdom of Kapila- 
vastu or its kings ever reigned there. The existence of a 
King Siddhartha at this period is proved by the Jain records 
according to which Mahavira, the last Tirthankara, was a 
son of the Ikshvaku king Siddhartha by his queen Trisala. 
Besides, any inference of this nature is rebutted by the fact 
that Prasenajit (No. 27 ) (Pasenadi) who had received his 
education in the University of Taxila* went over to the 
Buddha and confessed that Bimbisara of Magadha and the 
Lichhavis w^ere his friends.* Further account of Prasenajit 
is given under head ‘ Ayodhya in Buddhist Records.’ 

His son Ksh udraka (No. 28) is called Virudhaka in 
Buddhist boo fcs possibly because he w^as hostile to Buddhists, 
and is notorious for his merciless massacre of the Sakyas. 

The last king Sumitra was according to some scholars 
apparently killed in the great revolution of Mahapadma 
Nand in 422 B. C. The inscription referred to in page 458 
would, however, show that the Solar line terminated at least 
fifty vears earlier. 



' J.A.S.B., -1916, page 17. 
J.A.S.B., 1921, page 270. 
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It may, also, be interesting to note that Professor 
R. Kimora, the great Japanese scholar who yisited India a 
few years ago, believes that the Japanese are a branch of one 
or other of the great Indian races. * The Mikado is believed 
to be a descendant of Amma, the first Mikado, who was an 
incarnation of Q-od. This Amma is probably a corruption 
of our own divine king-incarnate Rama, for additional 
evidence is furnished by the fact that, according to the 
Japanese traditions, the Mikados are born in the line of the 
Sun-god which is perhaps no other than that they are 
descendants of the Solar race (Sury a vansa) of Kshatriyas 
to which our Sri Rama Chandra, the divine incarnation, 
belonged. 

At what period of history this emigration took place it 
is difficult to say. That the Kshatriyas of Ayodhya estab- 
lished a kingdom in Tibet and in Siam has been proved 
beyond the shadow of a doubt and Professor Panduranga 
Pissulencar of G-oa in his interesting research published in 
the French journal entitled Lai Coiwerte V Ameriquefarh 
honinm de Inde has gone so far as to assert that America 
was peopled and colonised by the ancient people of India.® 


The Suryavansa or the Solar Line of the Kinifs 
of Ayodhya 


(Ancient Indian Genealogies and Chronology by F. E. 
Pargiter, J-B.A.S., 1910, pages 27 and 29.) 

Pre-Mahabhabata War. 


1 . Manu 

2. Ikshvaku 

3. Sasada 

4. Kakutstha 


5. Anenas 

6. Prithu 

7. Visvagasva 

8. Ardra 


‘ Htndusffian Eeview, Vol. XIV, page 68, 
® Ibidem, page 66. 
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9. YuvanasYa I 

10. Sravasta 

11. Brhadasva 

12. KuYalasva 

13. Dridliasva 

14. Pramoda 

15. HaryasYa I 

16. Nikumbha 

17. Samhatasva 

18. KrisasYa 

19. Prasenajit 

20. YuvanasYa II 

21. Mandhatri 

22. Parakutsa 

23. Trasadasyu 

24. Sambhuta 

25. Anaranya 

26. PrisadasYa 

27. Haryasva II 

28. Yasumanas 

29. TridhatiYan 

30. Trayyaruna 

31. Trisanku 

32. Harisbchandra 

33. Rohita 

34. Harita 

35. Chanehu (Champa 

according to Bhaga- 
vata Parana) 

36. Yijaya 

37. Ruruka 

38. Vrika 

39. Balm 

40. Sagara 

41. Asamanjas 


42. 

43. 

44. 

45. 

46. 

47. 

48. 

49. 

50. 

51. 

52. 

53. 

54. 

55. 

56. 

57. 


58. 


59. 

60. 
61. 
62. 

63. 

64. 

65. 

66 . 

67. 

68 . 

69. 

70. 

71. 

72. 

73. 

74. 

75. 

76. 


Amsumat 

Dilipa I 

Bbagiratha 

Sruta 

Nabhaga 

Ambarisa 

Sindlmdvipa 

Ayutayus 

Rituparna 

Sai'Yakama 

Sudasa 

Kalmasapada 

Asm aka 

Mulaka 

Sataratha 

Vriddhasarman 

VisYasaha I 

Dilipa II 

Dirghabahu 

Raghu 

Aja 

Dasaratha 

Rama 

Kusa 

Atithi 

Nisadha 

Nala 

Nab has 

Pundarika 

Kshemadlianvan 

Devanika 

Ahinagu 

Paripatra 

Dala 

Saia 
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77. Uktha 

86. Agnivarna 

78. Vajranabha 

87. Sigbra 

79. Sankhana 

88. Maru 

80. YyusitasTa 

89. Prasusruta 

81. Visvasahall 

90. Susandhi 

82. Hiranyanabha 

91. Amarsa 

83. Pusya 

92. Mabaavat 

84. Dbruvasandhi 

93. Visrutavat 

85. Sudarshana 

1 94. Brihadbala 

Post-Mahabhaeata. 

{Sacred Books of the Hindus, Matsya Purana.) 

1. Brihatksaya ] 

18. D h a r m a (or Tir- 

2. Uruksaya I 

1 yavan) 

3, Vatsadi'oba (or Vatsa- 

19. Kritanjaya 

yyuha) 

*20. Vraia 

4. Prativyoma 

21. Rananjaya 

5. Divakara 

22. Sanjaya 

6. Saliadeva 

23. Sakya 

7. Dhruvasva (or Brihadsava) 

24. Suddbodana (Kruddbo- 

8. Bhanuratha 

dana) 

9. Pratitasva or Pratipasva 

25. Siddhartba 

10. Bupratipa 

26. Rahula (or Ratula, 

11. MarudeYa or Sahadeva 

Babula, L a n g a 1 a , 

12. Sunaksatra 

Pushkala) 

13. Kinnarasva or Puskara 

27. Prasenajit (or Senajit) 

14. Antariksa 

28. Ksbudraka 

15. Susena (Supariia or 

29. Kulaka (Ksbulika, 

Suvarna or Sutapas) 

Kundaka, Kudava, 

16. Suiiiitra (or Amitrajit) 

Ranaka) 

17. Brihadraja (Bbraja, or 

30. Suratha 

Bharadvaja) 

31. Sumitra 


* This name does not occur in the Mataya Purana but appears 
in the Vayu Purana. 
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B. The Sisukagas, Nandas, Maueyas and Sdngas 

Evidence of Sisunaga rule in Ayodhya 
is extremely meagre, but it_ cannot be ignored. The follow- 
ing remarks under head Mani Parbat appear in the Oudh 
Gazetteer ^ page 10: — 

^ Baja Nanda Bardhan of Magadha . — I have repeatedly 
been assured by Maharaja Man Singh that within the present 
century an inscription was discovered buried in this mound, 
which ascribed its construction to Eaj a Nanda Bardhan of the 
Magadha dynasty, who once held sway here. The Maharaja 
further stated that the inscription was taken to Lucknow in 
Nasir-ud-din Haidar’s time, and there Avas a copy of it at 
Shahganj, but all my attempts to trace either the original or 
copy have failed.’ - 

Again in the footnote : — 

‘ This information has since been corroborated by the 
learned Pandit Umadatt of Ayodhya, who informs me that 
he made a translation of the inscription betAveen thirty and 
forty years ago. He, too, has lost his copy and cannot noAv 
describe the contents.’ 

There is no reason to disbelieAm any of these personages- 
Pandit Umadatt (Pandit Umapati Tripathi) was one of the 
holiest men in Ayodhya in my childhood and neither the 
Maharaja nor the Pandit could possibly iiave any interest in 
giving false information, especially Avhen the construction of 
theParbat by a soA^ereign ‘avIio is accredited AA'itii thesup[)rcs- 
sion of Brahmanism in Ayodhya, and with the establish- 
ment of the non-caste system adopted by society gmie rally, 
when the population at large Avere denominated Bhars,' 
would strike at the root of the Brahmanicai tradition 
about it. 
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Now there were two Nanda Bardhans (Nandi Yardhans) 
viz.^ No. 5 of the Pradyotas (d. 782 B.C.) and No. 9 of the 
Sisunagas (d. 465 B.O.). "We have various reasons for 
choosing the latter. As his great grandfather Ajatasatru 
was converted to Buddhism by the Master himself, bis succes- 
sors may be presumed to have also been Buddhists and one 
of them showed his zeal not only by suppressing Brahmanism 
but by building a large stui^a which stands to this day. 

Nandas. — Nandivardhana’s successor Mahanandin was 
killed by Mahapadma Nanda and the Nanda line commenced 
in 422 B.C. The kingdom of Koshala naturally passed on 
to the successors. Mahapadma Nanda reigned for 88 years. 
When the father’s reign is of unusual length, the sons can- 
not possibly rule long. His eight sons sat on the throne 
for 12 years only, when the last of them was killed by Cha- 
nakya who installed Chandragupta Maurya on the throne of 
Magadha in 322 B.C. 

Mauryas . — The first three Mauryas practically governed 
the whole of India, including the present Afghanistan, 

Salisuka was the fourth in succession from Asoka and 
according to Glarga’s Brihat Smihita^ ‘in his reign, the 
viciously valiant G-reeks reduced Saketa, Panohala and 
Mathura and reached Patna.’ 

This invasion, however, seems to have been only a preda- 
tory excursion and passed like a whirlwidd over the country. 

The Maurya empire lasted for 137 years from 322 B.C. 
to 185 B.C. and was terminated by Pushyamitra, a general 
in the army who killed his master. 

Stmgas ^ — Pushyamitra was a Sunga and founded the 
Sunga empire. His reign lasted for thirty-six years from 
185 B.C. to 149 B.C. He was a staunch advocate and 
supporter of Brahmanism and consequently a great persecutor 
of Buddhists. It is said that he burned monasteries and slew 
monks from Magadha to Jalandhar in the Punjab. He per- 
formed several horse-sacrifices, one of which is mentioned in 
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the ■well-known Sanskrit drama Malamkagnimitra^ the hero of 
which is his son Agnimitra who was governor of Yidisha 
in the lifetime of his father. The great grammarian Patanjali 
seems to have presided at one of these sacrifices.^ 

Thongh governed from Pataliputra, Ayodhya seems to 
have been prosperous enough to have tempted Menander, who 
invested it 154 B.O. as recorded by Patanjali*, though the 
invasion was repelled after a severe struggle and the Greek 
king was obliged to retire to his own country. 

Pushyamitra -was succeeded by Agnimitra who reigned 
for eight years. He was followed by eight other kings Avho 
ruled in aggregate for 58 years. 

An inscription lately unearthed in Ayodhya shows that 
a king of Koshala who was sixth (in descent ?) from the 
G-eneral Pushyamitra built a house in the memory of his 
father Phalgudeva. The name of this king begins with 
Dhana which may be Dhana Mitra but there is none of that 
name in the Puranic list of the ten Sunga kings of Patali- 
putra. The word Koshaladhipa shows that he was the ruler 
of Koshala only with his headquarters not at Sravasti but at 
Ayodhya. 

There is absolutely no reason to doubt the genuineness 
of this inscription. It is in the form of Brahmi insoript 
current in the second century of the Christian era and the 
language is Sanslfrit. 

Sungas were succeeded by Kanvas but Ayodhya seems 
to have dwindled into insignificance. It is true that several 
coins presumably of the first century of the Christian era 
have been found in Ayodhya. “ The coins are divided into 
two classes. One class includes square coins which wer(‘ 
obviously cast, and the devices usually include the Bodhi 
tree and the combined Buddhist symbols of the 'fi'i-ratna 
and Dharma-ohakra. The kings -whose coins hear th esc 
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types are Mula Deva, Vaya Deva, Vishakha Deva, Dhana 
Deva, and Shiva Datta. The other series includes a set of 
round coins struck from dies usually bearing the device of a 
bull facing an upright standard or sacrificial post on one side 
and a cook and toddy palm on the other. The kings known 
are Satya Mitra, Sarya Mitra, Sangha Mitra, Vijaya Mitra 
and Kumuda Sena. The two last kings replace the cook and 
palm tree by the Buddhist symbol of the earlier series, and 
there is some reason to think that Kumuda Sena came before 
the others.”^ 

In the second century some Kshatriyas of Ayodhya under 
Kanakasena migrated to Gruzerat and laid the foundation of 
the Vallabhi kingdom whence they spread into Rajputana. 

In the third century of the Christian era, nine very 
poAverful and wise kings celebrated as Meghas® ruled in Ko- 
shala but nothing more is known about them or their succes- 
sors the Devarakshitas. 

5. AYODHYA IK JAIN LITERATURE 

Jain Sanskrit literature is loud in the praises of Ayo- 
dhya which it also calls Vinita. The description of the city 
in the Tilaka Manjari of Dhanapala edited by Pandits 
Bhavadatta Shastri and Kashinath Pand urang Parab and 
published by Tukaram Javaji, Bombay, kindly sent to me by 
the great Jain scholar Babu Puran Chand Nahar of Calcutta, 
would vie with Bana in leaving out nothing which constitut- 
ed a prosperous Hindu city. It was, to quote one of such 
phrases, a place where Sol for the pleasure of his progeny 
(kings of the Solar line) had collected the brightness of the 
universe and where the gardens outshone paradise. Accord- 
ing to the TrlshasJdhi-shalaka~puruska Charita, Prathama 
Parva (Canto 2), published by the Adishwar Prasarak 

* NevilFs District Gazetteer f Fyzaiad, page 146. 

* From an inscription lately found it appears that the present 
district of Allahabad was included in the dominions of these Meghas. 
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Sabha, Bbawanagar, it was the diadem of the earth and was 
built by Yaksharaja (Kuvera, god of wealth) under orders 
of Indra. The city was twelve yojanas in length and nine 
in breadth and was furnished with an inexhaustible supply 
of grain, cloth, money and jewels. 

The Jains believe in twenty-four Tirthankaras or 
Patriarchs. Of the various events connected with the lives 
and careers of these Tirthankaras, the Jains attach great 
religious importance especially to five things which they 
designate by the phrase Kalyanaka Bhumi, and they 
are : — 

(i) the last place previous to his being conceived in the 
womb ; 

(ii) the place of his birth; 

(iii) the place where he first renounced the world and 
was initiated into a religious life ; 

(iv) the place where he first became ^hemlin or achiev- 
ed omniscience ; 

. (v) the place where he realized emancipation.' 

My friend Mr. Puran Ghand Nahar, a great scholar and 
a prominent member of the Jain community, informs me 
that Ayodhya is credited with as many as forty-five kalyana- 
kas. 

The twenty-four Tirthankaras are as follows 

1. Adinatha, better known as Rishabha Deva, belonged 
to the Ikshvaku race and was the son of King Xablii and 
Queen Marudevi. 

2. Ajitanatha belonged to the same race and was son 
of King Jitashatru and Queen Bijoya. 

d. Sambhavanatha was son of King Jitari and Queen 
Sena and belonged to the same race. 

4. Abhinandana was born of King Saml)ara and 
Queen Siddhartha belonging to the Ikshvaku race. 

' Epitome of Jainism by Nahar and Ghosh, pp, GTS-79. 
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5. Sumatinatha was the sou. of King Megha by Queen 
Mangala at Ayodhya belonging to the Ikshvaku race. 

6. Padmaprabha was the son of King Sreedhara by 
Queen Sushima. He belonged to the Ikshvaku race. 

7. Suparsvanatha was the son of King Pratistha and 
his mother was Prithivi and belonged to the Ikshvaku race. 

8. Chandraprabha belonged to the Ikshvaku race and 
was the son of King Mahasena by Lakshmana. 

9. Subidhinatha was the son of King Sugriva and 
Queen Rama belonging to the Ikshvaku race. 

10. Shitalanatha belonging to the Ikshvaku race was 
the son of King Drirharatha and Queen Susnanda. 

11. Shreanshanatha also belonged to the Ikshvaku race 
and his parents were King Yishnu and Queen Yishna. 

12. Yasupujya came of the same Ikshvaku race and 
was son of King Yasupujya by Queen Jaya. 

13. Y iinalanatha was the son of King Kritavanna by 
Queen Shyama belonging to the Ikshvaku race. 

14. Anantanatha belonged to the Ikshvaku race and 
was the son of King Sinhasena by Queen Sujasa. 

15. Dharmanatha was the son of King Bhanu and 
Queen Suhrita belonging to the Ikshvaku race. 

16. Shantinatha belonged to the Ikshvaku race and 
was the son of King Yisvasena by Queen Achira. 

17. Kunthanatha was the son of King Sura by Sree 
belonging to the Ikshvaku race. 

18. Aranatha was born in the city of Hastina- 
pura and his parents were King Sudarshana and Queen Devi 
belonging to the Ikshvaku race. 

19. MalHnatha belonged to the Ikshvaku race and was 
the daughter (according to Digambaris, who do not admit of 
moksha for the women, she was a son) of King Kumbha by 
Prabhavati. 

20. Muni Subrata belonged to the race known as Hari 
vansa and was the son of King Sumitra by Padmavati of the 
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city of Eajgir where he was initiated and reached nirvan on 
Mount Samet Sikhar. 

21. Neininatha belonged to the Ikshvaku race and was 
the son of King Bijoya and Queen Bipra. 

22. Neminatha also known as Arista Kemi belonged to 
the Harivansa. He was son of Samudra Bijoya by Shiva. 

23. Parsvanatha belonged to the Ikshvaku race and 
was the son of King Asvasena by Bama Devi. 

24. Mahavira or Vardhaniana, also known as Natputta, 
the last Tirthankara, belonged to the Ikshvaku race and was 
the son of King Siddhartha by Queen Trisala. ‘ 

It will be seen that twenty-two of these claim to be 
princes of the race of Ikshvaku though none of them 
appear to be sons of ruling sovereigns. According to the 
Puranas, RisKabha Deva’s father King Kabhi was the descen- 
dant of Mann Svayambhuva whereas Ikshvaku was a son of 
Mann Vaivasvata (Manu, son of the Sol). 

Five of these, namely, Rishabha Deva, Ajitanatha, Abhi- 
nandana, Sumatinatha, and Anantinatha were born in 
Ayodhyaand temples have been built by pious Jains to mark 
the sites of their birthplaces. 

All my attempts to find out if there ever was a Jain king 
of Ayodhya, have failed. In fact there is no evidence that a 
Jain dynasty ever ruled in any part of India, though there 
are isolated instances of kings like Kumarpai Suhuiki of 
Annhalwara who was converted to the Jain faith i)y tlie saint 
Hema Chandra. The Oudh Gazetteer says that the ' trans- 
Grogra Sribastam ’ dynasty which ruled in Ayodhya for a 
considerable period till it was overthrown by the G-aharwars 
of Kanauj was of the Jain persuasion. The Carhwa iusi-rip- 
tion of 1199 V. E. records the building of a temple of Xava- 
graha (the nine planets) by Thakkura Ranapaia, sou of Thak- 
bura Sri Kundapala Srivastavya Kayastha. This shows that 


^ Epitome of Jainism by Nahar and Ghoslj, ilppendix D. 
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the Srivastavya Kayasthas in the twelfth century of the Chris- 
tian era were men of sufficient importance to be addressed as 
Thakburs (modern Thakur) and could not have been Jains 
or Buddhists. The Sribastams (Srivastavyas) of Ayodhya, 
like the compiler of this history, except for association with 
other Kayasthas, are total abstainers and take meat very 
sparingly. This may be some ground for presuming that 
they were originally Jains. 

6. AYODHYA m BUDDHIST RECOEDS 

“Closely connected with Ayodhya is the other great 
name of Oudh, a name greater than that of Rama, if human 
greatness be measured by the mark which it makes on the 
world's history. Sakya Buddha was a prince of the house 
of Kapila (near the modern Cxoraklipur) which was an off- 
shoot of the Surajbans line of Kosala. Ayodhya was the 
scene of his labours and his favourite resting place during 
the rainy season.” 

“ If a creed may be judged by the highest outcome of 
its moral teaching, by the most perfect efflorescence of its 
spirit, it may be fairly doubted if it has yet entered into the 
heart of men to conceive a loftier height of aspiration than 
that which breathes in the utterance of a later Buddhist 
master : ‘ Never will I seek or receive private individual 
salvation ; nor enter into final peace alone, but for ever and 
everywhere will I live and strive for the universal redemp- 
tion of every creature thi'oughout all worlds. Until all are 
delivered, never will I leave this world of sin, sorrow and 
struggle but will remain where I am.’ 

Ayodhya is called Saketa and Vishakha in Buddhist 
records. The Dmjavacldna explains the word Saketa as 
follows : — 

mnma* i 


’ Garden of India, pp. 64-65. 
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“ It came of itself. It came of itself. It is therefore 
called Saketa.” 

Now in Sanskrit keta ( ^ )* means invitation and as 
the prefix a ( m ) reverses the meaning, aket ( ) 

would signify ‘ coming one’s self ’ and with sa ( ) would 
imply “ coming of one’s own accord with some one.” 

The origin of the name Yishakha is thus explained 

Lady Yishakha is a very important figure in early Bud- 
dhist history. She was the daughter of a rich merchant of 
Rajagriha named Dhananjaya, who had migrated from 
Rajagriha to Saketa, and was married to Purnavardhana, 
son of Mrigara of Sravasti. She was one of the earliest 
converts to the Buddhist faith and had built for the 
Master a monastery called the Purvarama or' more fully 
in Prakrit the Pubbarama Mrigara-matuprSsada, the East 
monastery, the Palace of Mrigara’ s mother. She was 
actually the daughter-in-law of Mrigara but after she had 
converted him and made him a devout Buddhist she was 
called his mother. She built another Purvarama in Ayodhya. 
It was in honour of this lady that the town was thenceforth 
called Yishakha, the Pisokia of Hioen Thsang. In the 
Purvarama of Ayodhya the Buddha is said to have lived 
for sixteen years. 

It was during his stay in Ayodhya that the Buddha 
threw down a tooth-stick after using it, this took root and 
grew and flourished and the tree was seen by both Fa Hian 
and Hioen Thsang. The locality of this tooth-stick tree, in 
my opinion, disposes of the objection of some scholars in 
identifying Saketa with Ayodhya. 

With respect to Sachi (Saketa) Fa Hian relatt>s that on 
leaving the town by the southern gate, we iiitd to the <'a.st of 
the road, the place where Buddha bit a branch of the netth> 
tree and planted it in the ground where it grew to the lieight 

' Divyavadana edited by Cowell and Neil, page L 
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of seven feet and never increased or diminished in size. 
Now this is precisely the legend that is related of Pisokia 
P'v'ishakha) by Hioen Thsang who says that to the south of 
the capital and to the left of the road (that is, to the east 
as stated by Fa Hian) there was among other holy objects 
an extraordinary tree 6 or 7 feet high which always remained 
the same neither growing nor decreasing.' This is the 
celebrated tooth-brush tree of Buddha. 

Now as we drive along the pucca road from Ayodhya 
to Fyzabad we find after leaving Hanumangarhi, a sacred 
tank called the Datun Kund ( ) to the left of the 

road. In spite of the popular belief and the Ayodhya 
Mahatmya which would make it the reservoir, sitting on the 
banks of which Lord Rama used to brush his teeth and 
rinse his mouth, one is tempted to suppose that this tank 
marks the site either of the old tooth-brush tree of Buddha 
or of a tank excavated near it, the water of which was pious- 
ly believed to have been used by Gautama for cleansing his 
mouth during his stay at Ayodhya. The tree having dried up, 
the tank still remains to commeraorate the sojourn of the Great 
Master. The southern gate would be somewhere near Hanu- 
mangarhi, the ffc/r/ii probably being the southern bastion. From 
Hanumangarhi to Sarayu fascine is little more than a mile 
but the river is very changeable in its course and at the 
time of the pilgrim’s visit it may have flowed further north. 
Within my memory the river has cut away many thousand 
acres of land of Basti and Gonda districts and many miles 
of alluvion have been added to Ayodhya. 

Hiuen Thsang makes the circuit of the Pisokia capital 
about 16 !i. This could not possibly include within itself 
the metropolis of a powerful kingdom. I have reason to 
believe that it was the circuit of Ramkot, the reputed fort of 
Rama, possibly restored by Guptas. Dr. Fuhrer says that in 


’ Yuan Chwang’s Travels by Watters, Vol. I, page 399. 
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Gronda people believe that the tooth-brush tree was cUlUl 
which never grows higher than. 6 or 7 feet. It may also be 
karaimda, datuns (tooth-sticks) of which are still used in 
Oudh, especially in Lucknow. It hnay be interesting to note 
that there is nothing unusual in the growing of the tooth- 
brush tree. In Q-hatampur town of Oawnpore district, 
about a mile from the tahsil, there is a large pucca house 
belonging to a Mahant, in the second storey of which a huge 
nim tree cleft in the middle has grown from a tooth-brush 
planted on the spot by a sadhu 200 years ago. Nothing is 
further from my intentions than to shake the popular belief 
by these remarks. The pious votary may still find consolation 
in the fact that Lord Buddha was as much an incarnation 
of Vishnu as Lord Rama. 

Before giving a description of the Buddhist Ayodhya, 
it will not be out of place to give an account of the city and 
its rulers at the time of Buddha’s birth, as given in the 
Buddhist records. 

These records do not seem to go beyond the seventh cen- 
tury before Christ. We find there that Ajojjha (Prakrit for 
Ayodhya) was a town in Koshala on the river Sarayu. So 
was Saketa. In mediae val Sanskrit literature the words are 
synonymous. Kalidasa in his Baghuvansa^ Canto XI, calls 
the city Ayodhya, and in Canto XVI denominates it Saketa 
and there is no reason to believe that the metropolis at the 
time of Rama’s marriage was different from that on his 
return from exile. “ Both cities are mentioned as existing 
in Buddha’s time. They were possibly adjoining like 
London and Westminster.”* It may also be conjectured 
that the part of the town which grew round the scene ttf 
Buddha’s activities, was called Saketa, the old site remaining 
Brahmanic. This may also be said of the street round the 
monastery built by Vishakha, 


( ' ) Buddhist India, page 39. 
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The Anjana Park in "which most of the Buddha’s 
Suttas were si^oken -was in Saketa. 

It has been sho"wn t hat the seat of government had 
been shifted to Sravasti. In Buddhist records the sovereigns 
of Sravasti are called Koshalas. There is nothing unusual in 
the use of the epithet. We have already seen that Hiranya- 
garbha of the post-Mahabharata list is styled Kausalya. Their 
kingdom extended from the mountains in the north to the river 
Ganges in the south and the Gandak to the east including 
Benares. In fact the kingdom of Kasi or Benares "was the 
great bone of contention between Koshala and Magadha. 
Several successful invasions of Kasi by the Koshalans under 
their kings Vanka, Dabbasena and Kamsa are referred to 
a date before Buddha’s time and the final conquest would 
seem to be ascribed to Kamsa, as the epithet “ conqueror of 
Benares ” is a standing addition to his name.‘ In the 
seventh century B.C. the Sakyas had also acknowdedged 
the suzerainty of Koshala. 

“The kingdom of Kosala before the rise of Buddhism 
thus included all and more than all of the present United 
Provinces.” The growth of this great kingdom gave occasion 
and security for peaceful intercourse both of a commercial 
and of an official kindfrom one endtothe other of its extensive 
territory. It was precisely these political conditions which 
favoured also the rapid gro"wth of the institution or custom 
of the Wanderers* of whom we liave no evidence prior 
to the Koshalan power, and who doubtless contributed much 
to the cultivation of the more intellectual side of the common 
language which was enabled to grow up under the protective 
shield of the Kosalan peace. * 

“ This common language was a conversational dialect 
based probably on the local dialect of Savatthi, the capital of 

‘ Buddhist India, page 25. 

3 Buddhist India, page 148, 
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Kosala, and in general use among the Kosala officials, among 
merchants, and among the more cultured classes, not only 
throughout the Kosala dominions, but east and west from Delhi 
to Patna, and north and south from Savatthi to Avanti.’ ' 

It must be noted, however, that though the metropolis 
had shifted to Sravasti (Savatthi), Saketa was still one of 
tbe five great cities of Northern India, the other four being 
Sravasti, Champa, Koshambi and Kasi. 

I have not succeeded in finding a detailed account of 
Buddha’s activities in Ayodhya but it is an established fact 
that in the Anjana Park as noted above, many of the Bud- 
dhist Suttas are said to have been spoken. In the Abadam 
as quoted in the Buddhist India^ Anjana was the mater- 
nal grandfather of the Buddha. How he could have a park 
in Saketa is not easily explained. 

We now come to the ancestors of Prasenajit, No. 27 
in the post-Mahabharata list. Some doubt has already been 
expressed regarding the name of the father and grandfather 
of Prasenajit. In Buddhist books, Prasenajit’s father was a 
Mahakosahla. But Mahakoshala only means great Koshala and 
we are therefore still left in doubt.® Prasenajit was a good 
king and extended his favour to the followers of all schools 
of religious thought alike, and this liberality of thought and 
conduct was strengthened when early in the new movement 
he proclaimed himself an adherent in a special sense of the 
Buddha.* It may be noted that Asoka in solemnly warn- 
ing his subjects iiot to speak evil of their neighbours ’ faith 
only carried the Indian toleration a step further. Thi.s 
accounts for the fact that Brahmanism and Buddhism rhrivt'd 
in Ayodhya side by side. Kosala, ho\yeYer, may he justly 

' Ibidem, page 153. 

° Ibidem, page 18, 

It will be seen further on that- in Hockhiir.n Life fhe 
Buddha Prasenajit’s father was Aranemi Bralimafiatta. 

* Buddhist India, page 148, 
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proud of haTing had the first ruler who was initiated by the 
Master himself. This king was Prasenajit and the following 
account of this monarch is taken from Rockhill’s Life of 
Buddha: 

Prasenajit was a son of King Aranemi Brahmadatta of 
Sravasti and was born at the same time as Buddha. He was 
a powerful monarch with a large army. He had two queens, 
Varshika, a sister of Bimbisara, king of Magadha, noted for 
her beauty, and Malika, daughter of Sakya Mahanaman of 
Kapilavastu, renowned for her wonderful touch and for her 
cleverness. Each of these bore a son to him, Jeta being the 
son of the former and Virudhaka of the latter. 

Sudatta, a wealthy merchant of Sravasti, was the guest 
of a gentleman in Rajagriha who had invited Buddha to a 
feast. Here Sudatta heard of the Buddha and went to see 
him in the grove where he was staying and became one of 
his followers. Sudatta asked the Master to come over to 
Sravasti and as there was no vihara in Sravasti, promised 
to make one for him. The site for the vihara was selected 
in a park belonging to Jeta. Jeta demanded an exorbitant 
price for the plot — as many gold pieces as would cover it. 
Sudatta agreed but before he had covered the entire plot it 
occurred to Jeta to make a present of the remainder to the 
Buddha, free of cost and on this plot Jeta built a vestibule 
which he gave to the order. The place was called Jetavana 
by which name it is known to posterity. Prasenajit visited 
the Buddha while staying here and hearing his sermon of 
Kimamdristantasutm was converted. Shortly after his 
conversion, Prasenajit sent a message to Suddhodana, 
king of the Sakyas of Kapilavastu, in which he told him, 
“ Rejoice, 0 Raja, for thy son has found the drink of the 
cessation of death (amrita), and he is quenching the thirst 
of mankind with his nectar.” . Suddhodana sent repeated 
invitations to the Buddha and after he had built the Hyagrd- 
dharama (Banyan grove), the Buddha went to Kapilavastu 
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and converted to Ms faith, not only the king but his son and 
his wife and several other Sakyas. 

In the meantime Bimbisara of Magadha had also been 
initiated by the Master. His queen Yasavi was of a family 
from Yideha and therefore called Yaidehi, and brought forth 
a son who was named Ajatasatru. YThen he grew up he 
seems to have been persuaded by Devadatta, a rival of the 
Buddha who had established a schism of his own, to kill his 
father and become king. His father, however, tried to grati- 
fy his son’s ambition by giving him extensive territories. 
Still Ajatasatru was not satisfied. “ Then the king relin- 
quished also Rajagriha, only reserving his treasures ; but as 
Devadatta suggested to Ajatasatru that the real sovereign 
was the one who had the treasures,- he prevailed on the 
king to relinquish these also. Bimbisara complied but at 
the same time he implored his son to give up his wicked 
associate Devadatta. Exasperated at this, Ajatasatru had 
his father east into prison, there to die of hunger ; but 
queen Yaidehi, the only person admitted to see him, brought 
him food in a bowl. Ajatasatru heard of this through 
the jailers and forbade the queen doing so on pain of 
death. Then Yaidehi had her body anointed wdth a quanti- 
ty of nutritious powders, and filled her ankle rings witli 
water ; by this means she kept the king alive. This device 
w'as also found out, and she was no longer allowed to visit 
the king. Then the Blessed One walked on the Yulture’s 
Peak, in a place where Bimbisara could see him from his 
window, and the joy that this gave him kept him alive. Aja- 
tasatru found this out and had the window walled up and 
the soles of his father’s feet scarified.”^ 


The parricide then ascended, the throne (d' Magadiia 
but the crime involved him in war witii Parsenajit. “ Fttr- 
tune in the contest inclined now to one side, now to the 
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other; on one occasion it is said Aj at asatru "was carried 
away as a prisoner in chains to his opponent’s capital. 
Ultimately peace was concluded and a princess of Kosala 
was given in marriage to the king of Magadha.” 

In one of the Buddha’s visits to Rajagriha, Ajatasatru 
expressed his remorse for the murder of his father and be- 
came a follower of Buddha. 

Prasenajit’s end was as tragic as that of Bimbisara. 
He had grown old and Yirudhaka seems also to have been 
getting impatient to become ruler of Koshala. One day while 
hunting, the prince trespassed in a garden of Sakyas within 
the suburbs of Kapilavastu. The offended Sakyas tried to 
kill him but he contrived to escape. Virudhaka wanted to 
revenge himself on the Sakyas by entering the same garden 
with a number of soldiers. The Sakyas greatly exasperated, 
and disregarding the words of tlieir elders, started out 
to kill Virudhaka. But he, hearing that the Sakyas of Kapila- 
vastu were coming to kill him, said to one of his men, ■“ I 
am going to hide (with all the troops) ; if the Sakyas ask 
you anything about me, tell them that I have gone away.” 

So the Sakyas came to the park, and not seeing Yiru- 
dhaka, they asked the man, “ Where is that son of a slave ? ” 
“ He has run away,” he answered. 

Then some of them cried, “ if we had found him we 
would have cut off his hands others said, ” we would 
have cut off his feet,” others would have killed him. “ But 
since he has run away, what can we do ? ” 

So they decided to have the park purified. “ Clean up 
the park,” they said to the workmen ; “■ and wherever this 
son of a slave has been, clean it and sprinkle fresh earth 
(over his footprints). Whatever part of the walls he 
has had hold of, plaster it over and make it new. Take 
milk and water and sprinkle it about, and also scented 
water ; strew about perfumes and flowers of the sweetest 
kind.” 

60 : , 
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Now Yirudhaka’s men, who had heard all this, went 
and told him what the Sakyaa had said. Virudhaka was 
greatly incensed, and exclaimed, “ G-entlemen, when my 
father is dead and I am king, my first act wall be to put 
these Sakyas to death. Promise me that you wall give me 
support in this undertaking.” 

“ He then commenced conspiring against his father and 
trying to gain over to his interests all the five hundred 
councillors of Prasenajit, and they all promised him their 
support with the exception of Dirghacharayan. But even 
he was subsequently won over, though he kept Iiis intentions 
secret from his sovereign. One day Prasenajit went to a 
Sakya town to pay a visit to the Buddha in a chariot driven 
by Dirghacharayan. On reaching the place, the king out 
of respect for the Master gave the insignia of royalty to his 
charioteer and went to the Buddha. The traitor Dirghachara- 
yan at once left the place and on reaching Sravasti handed over 
the insignia to Virudhaka who thus became king of ICoshala. 
Prasenajit finding that Dirghacharayan had deserted him, 
proceeded on foot towards Raj agriha. Here he met his 
queens Mallika and Varshika who had possibly been compelled 
to leave Sravasti to share the fate of their husband. They 
informed him that Virudhaka had usurped the throne. 
Mallika was persuaded to go back and to enjoy the sove- 
reignty with her son, while Prasenajit and Varshika proceed- 
ed to Rajagriha and stayed in a park belongingto King Ajata- 
satru. Varshika was sent to inform Ajatasatru of Prasena- 
jit’s arrival at Rajagriha. Ajatasatru wms at first alarmed 
but when he wus told that Prasenajit’s son has usurped ids 
throne and that he had come to Rajagriha alone with utie 
of his wives, Ajatasatru began to make preparations for 
his suitable reception. This caused delay and Prasenajit 
who was sick from inanition went to a turnip field near the 
park where the gardener gave him a handful of turnips 
and he ate them, tops and all This made him thirsty, 
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SO he went to a pool of water and quenched his thirst. 
Suddenly his hands stiffened, and, seized with cramp in the 
stomach, he fell by the side of the road and died, suffocated 
by the dust caused by the wheels of (passing) vehicles.” 

King Ajatasatru found Prasenajit’s dead body lying 
on the road and accorded to him a funeral worthy of his 
rank. Queen Varshika seems to have spent the rest of her 
life in Rajagriha. 

It is remarkable that the first two important disciples 
of Buddha were, killed by their own sons. One . is tempted 
to think that they were renegades and avowed enemies of 
the Brahmans who were in the ascendant in those days and 
would leave no stone unturned to do away with anything 
which was calculated to strike at the root of their supremacy. 

From the Buddhist records it also appears that a son 
of Prasenajit went over to Tibet and was its first king. This 
king ascended the throne in 313 B.O. according to Sanang 
Setsen and after 416 B.O., the date of his birth, according 
to (drubnthah sel-kyi-me-long (Sarat Chandra Das, J.B.A.S., 
Vol. I, page 213). This latter date may be accepted as 
correct, though there would be still a difference of one hun- 
dred and fifty years between the father and the son. Prob- 
ably the first king of Tibet was only a descendant of Prasena- 
jit. His son Virudhaka who, as noted above, massacred the 
Sakyas, could not have been a patron of Buddhists, nor is 
there any evidence to show that any of his successors in the 
Solar dynasty had much fancy for the new religion. 

The Sisunagas, however, as noted in section 5 B, were 
Buddhists, and Kandi-Yardhana is said to have built the 
stupa now called Mani Parhat. Asoka, who is credited with 
having built 84,01)0 stupas in his empire within the space 
of 3 years, could not have left Ayodhya alone, and archaeolo- 
gical explorations on a graiid scale can alone decide whe- 
ther the mounds such as Shah Juran ka Tila, the Sugriva 
Parbat and others scattered throughout the town are the 
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ruins of the stufas built by Mni. There are no stones in 
Ayodhya and briolnwork, unless {like that of Bhitri in Cawn- 
pore) it was hidden, was easily excavated and tiie bricks 
used in the erection of new buildings. 

The Pushyamitras were enemies of Buddliism, and it 
is only in the reign of the Guptas that we again hear of the 
sage Yasubandhu, the great apostle of the Mahayanist creed 
living in Ayodhya. Vasubandhu was born at Purushapura 
(Peshawar) of a Brahmin family of Kaushika- Ho came to 
Ayodhya and succeeded in converting Vikramaditya. The 
crown-prince Baladitya, and the queen-mutber, both pupils 
of Yasubandhu, invited him to Ayodhya after the death of 
Vikramaditya. 

Vasubandhu died at Ayodhya at the age of eighty. 

Professor Takakusu is confidently of opinion that this 
Vikramaditya was Skandagupta who ruled about 452 — 480 
A.D. and his successor Baladitya must have begun to reign in 
481. l)r, Vincent Smith has gone into the question carefully 
and comes to the conclusion that Samudragupta received 
Vasubandhu, the Buddhist author and patriarch, at court, 
either as a minister or as an intimate counsellor, with the 
sanction and approval of his father Chandragupta 1, and, 
further that Samudragupta, although officially a Brahmanical 
Hindu, studied Buddhism in his youth with interest and 
partiality. ’ 

It was in the reign of Chandragupta II that the first 
Chinese pilgrim Fahian visited Ayodhya which lie ciilLs 
Sachi (Saket). The following account of his journey is talcen 
from Fahtans Tt'uvels by James Legge, page 55 : — 

Going on ft out this to the south-east lor thi'oc ^ 

they came to the great kingdom of Shache. As yon go out uf 
the city of Shache by the southern gate on the east of the 
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road (is the place) where Buddha after he had chewed his 
willow branch, stuck it on the ground, when it forthwith 
grew up seven cubits (at which height it remained neither 
increasing nor diminishing). The Brahmans with their 
contrary doctrines became angry and jealous. Sometimes 
they out the tree down, sometimes they plucked it up and 
cast it to a distance but it grew again on the same spot as at 
first. Here also is the place where the four Buddhas 
■walked and sat and at which a tope was built that is still 
existing.” 

The next Chinese pilgrim was Yuan Chwmng (.also 
spelt as Hioen Thsang, Huan Chwang, Yuen Clwang, 
Hiuen Tsiang, Hsuan Chwang, and Hhuen Kwan). He 
gives a tolerably complete account of the place which I 
reproduce from Watters' Travels of Yuan Gliwang. 

“ The Yyudlia country, the Record proceeds to tell us, 
was above 5,000 Uin circuit. The country yielded good 
crops, brought forth fruit and flowers abundantly and had a 
genial climate. The people had agreeable ways, were fond 
of good works, and devoted to practical learning. There 
were above 1<»0 Buddhist monasteries, and more than 
.3,00<i Brethren who were students of both ‘vehicles.’ There 
were ten Deva Temples, and the non-Buddhists were few^ in 
number. 

“ Within the captial, the author continues, was the old 
monastery in which Yasubandhu Pusa in the course of some 
scores of years composed various sastras, Mahayanist and 
Hinayanist. Beside this monastery were the remains 
of the Hall in wdtich Yasubandhu had expounded Buddhism 
to princes and illustrious monks and Brahmins from other 
countries. Pour or five li north from the capital and close 
to the Ganges ((dhogra ?) was a large Buddhist monastery, 
with an Asoka tope to mark a place at which the Buddha 
had preached to devas and men for three months on the 
excellent doctrines of his religion. Four or five li west 
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from this monastery was a Buddha-relic tope, and to the 
north of the tope were the remains of an old jnonastery. 
Here Shih-li-lo-to (restored by Jnlien as Srilabdha), a sastra- 
master of the Sautrcmtika school, composed a Sautranbika 
vibhasha-sastra. 

In a mango plantation five or six U to the soutli-west 
of the city was the old monastery in which Asanga-Pusa had 
learned and taught. By night the Pusa went up to the 
Tushita Heaven, and there received from Maitreya the 
materials of three treatises which he taught by day to his 
disciples. These treatises, "Yuan-Chuang tells us, were the 
‘ Tu-ka-shih-ti-lun,’ the ‘Chuang-yan-ta-sheng-ching-Iun,' and 
the ‘Chung-pien-fen-pielun.’ . . . 

“Above 100 paces to the north-west of the Mango 
Grove was a Buddha-relic tope, and besides it were old 
foundations at the place where Yasubandhu Pusa descended 
from Tushita Paradise to have an interview w'ith his elder 
brother Asanga Pusa. Our i pilgrim here represents these 
two brothers as natives of Gandhara, and as having lived 
in the Millennium succeeding the Buddha’s decease (that 
is, according .to the Chinese reckoning, before the third 
century of our era). Asanga, he tells us, began his Buddhist 
religious career as a Mahisasika and afterwards became 
a Mahayanist, and Yasubandhu began his religious career in 
school of the Sarvastivadins. Yuan-Chuang here tells a 
curious story about the two brothers and a great scholar 
who was a friend and disciple of Asanga, by name E’o-te- 
seng-ha, translated by Shih-tzu-chiao or ‘Lion-intelligence,’ 
the Sanskrit original being BuddJia-simha. These three 
brethren made an agreement that when one of them died 
and went to Heaven he should come back to earth at the 
first opportunity to enlighten the survivors as to his circum- 
stances. The first to die was the disciple Buddha-.simha, 
but in Heaven he forgot his promise. Then three years 
afterwards Yasubandhu died and went to Tushita Heaven. 
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He had been dead six months, and no message had come 
from him, so the heretics declared that he and Buddha- 
simha had gone to a bad place. But at length Yasubandhu 
remembering his agreement, found it in his power to keep 
it. So in the form of a Deva-rishi he descended to earth 
and visited his brother, telling him how he and Buddha- 
simha had fared in Maitreya’s Paradise.” 

From this description it appears that when Tuan 
Ohwang visited the place, Buddhism was the prevailing 
religion. Harsha-vardhana under the influence of the pilgrim 
had become a Buddhist but the change in Ayodhya could not 
have been wrought in a day. We are therefore forced to 
the conclusion that Vasubandhu’s influence, as Professor 
Takakusu remarks, with the last king of the Gupta line, had 
continued unabated for 150 years. 

We next hear of Ayodhya being governed by a Bud- 
dhist king at the and of the tenth and the beginning of the 
eleventh century of the Christian era. The Pala empire 
included Bengal, Behar, and Oudh (Gaur, Patna and 
Benares) and the Pala rulers were Buddhists. This king 
was Mahipal. In the beginning of the eleventh century 
a great disruption took place, Behar under Mahipal’s 
successors remaining Buddhistic while Oudh under Chandra 
Deva, a son of Mahipal, became Brahmanic which it is to 
the present day. 

7. AYODHYA UNDER THE GUPTAS 

In the early centuries of the Christian era, Ayodhya 
was in ruins. So complete was the obliteration of the old 
metropolis that when Vikramaditya made up his mind to 
restore it, he found the greatest difficulty in tracing its 
former boundaries. All that was known was that it was 
situated somewhere on the banks of the Sarayu. According 
to the tradition, he was encamped near Nirmali Kund when 
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a black man, to all appearances a king, came on horseback, 
and as soon as he had bathed in the sacred stream, he at once 
became much fairer in colour. Vikramaditya was sui-prisod 
at the change and on enquiry was told by the visitor that 
he was Tirtharaja (king of Tirthaa or holy places, Prayag 
or Allahabad) and that it- tvas one of his annual Ausits to the . 
place to purify himself by washing off the sins of pilgrims 
to the Holy Confluence which accumulated and bhn'kcned 
the colour of his body and that tiie parthmlar i>!ae{> was 
Nirrnali Knud (purifying reservoir). 

We have, hoAA'ever, reason to believe that his main clue 
in tracing the ancient city was the holy rivei’ Harayu and 
his next was the shrine still knowm as the Nageshwarnath 
which is dedicated to Mahadeva and of wdiich he found 
record in ancient manuscripts. ‘ Mention was also made of 
the different shrines to which pilgrims from afar still flock 
in thousands. 

We have seen in the previous section that in the second 
and third centuries of the Christian era powerful Meghas 
and Devarakshitas ruled in Kosala. Possibly their capital 
was Sravasti, Otherwise there can be no explanation of 
the desolation of Ayodhya in the fourth century of the 
Christian era. 

This Tikcamaditya can be no other than Chandragupta 
II of the Grupta dynasty “ who has a better claim than any 
other sovereign to be regarded as the original of the mythical 
king of that name Avho figures so largely in Indian legend." 
Chandragupta II was a Saiva but subsequently became a 
Bhagavata and in the inscriptions, he glories in installing 
himself Parama Bhagavata. “ The Maurya emperors, it is 
true, had managed to control fj'om the ancient imjierial 
city, a dominion very much larger than that of the Cnpta.s 
but, even in their time, its remoteness in the extreme east 
must have caused inconvenience, and a more centra! position 
for the court had obvious advantages.” Partly from its 
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central position and partly from tlie fact that Ohandragupta 
liad become a BhagaYata the headquarters of the gOTernment 
had to be shifted to Ayodhya. Tradition, almost uniYersal, 
attaches Vikramaditya to Ujjain. Though the only evidence 
of (lupta Rule in x^yodhya is the shape of the columns 
in the Janmasthan mosque, there is no doubt about this 
Vikramaditya. The Q-uptas, however, hailed from Patali- 
putra. Orientalists forget that the Indian emperors includ- 
ing the Moghuls, Akbar and Jahangir, did not place the 
same trust in their Viceroys as does the British G-overnment, 
The western dominions of the Moghul Empire were governed 
from Lahore whore both Akbar and Jahangir resided 
regularly for some months in the year. From the history 
of the Pathan kings they learned that viceroys left to them- 
selves became independent sovereigns. Asoka gave full 
powers to Rajukas, whoever they were, whether Commis- 
sioners or Governors, because experience had convinced 
him that in leaving his subjects to their care “ he felt as 
tramjuil as a man does after making over his child to a 
clever nurse.” But this is an exception rather than the 
role. Bamudi-agupta had a capital in Jhusi opposite the 
present city of Allahabad and the stones of the castle built 
by him were used in the construction of Akbar’s fort and 
some are still lying scattered in the village. The well 
called Samudrakupa seems to have been inside the fort. 
Anybody who takes the trouble of walking on foot from 
Hansakup to Ohhatnaga with his eyes open, will find 
ravines exposing the foundations of masonry walls. The 
pillar on which Harishena’s eulogy has been incised may 
have been originally erected in Kaushambi but it was in 
Allahabad when this inscription was engraved. Chandra- 
gupta II (Vikramaditya) ascended the throne in cir. 375 
and conquered Malwa in 395, the chief town of which was 
Ujjain. Malwa was an exceedingly prosperous prov- 
ince and the country, the people and government excited the 
61 
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admiration of the Chinese traveller Fahian who came to 
India in the reign of Ohandragupta IL “ The annexation 
of Surasiitra and Malwa not only added to the empire, 
provinces of exceptional wealth and fertility, but opened 
up to the paramount power, free access to the ports of the 
western coast ; and thus placed Ohandragupta II in direct 
touch with the seaborne ooimnerce with Europe through 
Egypt, and brought his court and subjects under the iu- 
tluence of the European ideas whicli travelled with the 
goods of the Alexandrian merchants.”^ 

Have we not, therefore, some ground for presuming 
that Ohandragupta had one of his capitals in Ujiain, and 
it was from Ujjain that he came to Ayodhya, as described 
in Canto XYI of the Baghuvmsa in the case of Kusa 
crossing the Yindhya motilatains and fording the Ganges 
on the backs of elephants 

We have now to dispose of another tradition about 
the duration of Yikramaditya’s reign as recorded in the 
Oudh Gazetteer. It says that Eaja Yikramaditya ruled 
in Ayodhya for eight years. Assuming that the capital 
was shifted to Ayodhya in 400 the eighty years will end 
in 480, the probable date of the accession of Baladitya when, 
according to Professor Takakusu, the Gupta empire seems 
to have come to an end.* 

But Professor Takakusu’s conclusions lead us a little 
further. Baladitya was a disciple of Vasubandhu and had 
therefore no attractions for Ayodhya like Ohandragupta 
Yikramaditya. After the dismemberment of the empis’c 
partly caused by the invasion of the Huns and partly by the 


' Early History of India. 

■ Raghiivansa, Canto XVI. 

’ J.E.A.S., 1905, page 44. 
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I weakness of Kumaragupta’s successors, it was considered 

safer to retire to the old metropolis and Ayodhya fell into 
the hands of Jogis or Brahmanical fakii's who, acquiring 
; strength, made the place too hot for the weak Buddhist 

I emperor. I cannot refrain from noting another fact which 

i cannot possibly attract the attention of scholars who do not 

; belong to Ayodhya. The mound on which the Janmasthan 

mosque is built is called the Yajnavedi, the altar. Before 
f the great Grovind-dwadasi fair in 1877, when several men 

were crushed to death inside the mosque, the lane was 
widened and the sides of the mound were plastered, charred 
! rice was dug out of the mound and grains sold to pilgrims as 

the rice used in the Putreshti-yajfla performed by Dasaratha. 
I am inclined to think that it is the rice of the yajna 
performed at the inauguration ceremony of the new capital 
by Ohandragupta Vikramaditya. 

Vikramaditya is credited with having built three 
hundred and sixty temples in Ayodhya. They have all dis- 
appeared except the Janmasthan temple, converted into a 
mosque by Babar. 

’ The only other reminiscence of G-upta rule in Oudh is 

the ruined fane in the Devipatan shrine in Clonda dis- 
trict. * 

i A history of Ayodhya is no place for a discussion 

; about the date of Kalidasa, but if he was the court poet of 

I Ohandragupta Yikramaditya, he must have come to Ayodhya 

^ with his patron and I therefore hazard some guesses about 

' his works which may be taken for what they are worth. 

A more lengthy note on the subject will be published 
shortly. 


Kalidasa’s writings show, as my respected teacher 
Mahamahopadhyaya Pandit Hara Prasad Shastri, M.A., O.LE., 
remarked, that he belonged to a dry, hilly and sandy country. 



’ Oudh Gazetteer, Vol, I, page 368, 
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and that his birthplace was probably Mandasor and tliat he 
first appeared before 'Vikrainaditya at Ujjain. His high 
genius at once raised him to the dignity of a court poet. Poet^ 
attached to Indkm courts are regular courtiers and constrinf 
attendants of the sovereign and even in these days, when 
tlie monarch is in his lighter moods, regale him with poetry 
suitable to the occasion. It was for such occasions that 
the various chapters of the Ritusanhara were composed. It 
was here that the heir-apparent, who afterwards ascended 
the throne under the title of Kumara Grupta Mahendraditya, 
was born and the Kumara Samhhava{Riri\\. of Kumara) 
in seven cantos was composed to commemorate the occasion. 
It was when Chandragupta II was staying in Jhusi (old 
Pratishthanpur) that Kalidasa was reminded of the episode 
.of Pururavas and Urvasi and wrote the Vikramorvashi, 
the scene of which is Pratishthanpur. The word Vihrama 
in the name of the play was simply meant to commemorate 
the name of the patron. 

The Gtuptas like other Indian kings were very fond of 
the chase and one of the coins of Chandragupta Vikrama- 
ditya shows the king in the act of shooting a tiger. The 
place where Dushyanta, the hero of the Sakuntala, goes on 
a hunting excursion contains wild boars, bisons and even 
wild elephants. This can be no other than the north of 
the present district of Bijnor. It is here that the river Malin 
rising from the hills of G-arhwal after a winding course 
falls into the Granges. Hastinapur on the old bed of the 
Q-angesas fifty miles from here. When leavingfor Hastinajjnr. 
Dushyanta gives Sakuntai a asignet ring on w!ii<*h Ids name is 
engraved. Dushyanta in the Devauagri form currenr in tiie 
Gupta period contains five letters da shn ga na and h. The 
parting lover tells Sakiintala to count the huters each (i;i\ 
and tells her that on the fifth day, the last letter in the 
name, an escort will come to the forest to fake her- in state 
to Hastinapur. Kalidasa is never wrong in ius geography 
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and the royal pledge could only be redeemed on the as- 
sumption that the hermitage of Kanra was among the hills 
in Bijnor. It was near this hermitage that Chandragupta II 
went to hunt, taking his court poet with him. The 
monarch was not only a good marksma,n but also a tower 
of strength. He could go up hill and down dale like a 
wiid elephant. The forest-beaters were instructed to begin 
their work after midnight. The royal bag was roasted 
after the hunt of the day was over, and the courtiers shared 
it with their sovereign at odd times during day. All this 
may have been })leasant to Chandragupta but the poet had 
no fancy for it. He did not like to be disturbed in his 
sleep by rascally forest-beaters. He had no liking for the 
roast-leg of tasteless venison served to him. He missed the 
royal dishes which he enjoyed in the palace. He missed his 
soft downy bed and in the play composed after his return 
he put Ills feelings of discontent into the mouth of the 
Vidushaka. 

It is remarkable that though the names of Krishna 
and Rukmini appear casually in. his first play, the 3Ialavi~ 
the incarnations of Tishnu are conspicuous by 
their absence in the two dramas. This leads us to infer 
that these books were written before Chandragupta had 
he(?onie a Bhagavata, and there is no doubt that he became a 
Bhagavata while he was in Ujjain. 

The next precious gem of Sanskrit literature was also 
com[)osedin Ujjain after the change in the monarch’s creed. 
The journey of the cloud begins with Ramagiri, a place 
haiiowed by the sojourn of the Blessed Couple during their 
exile. The liill Chitrakuta is referred to as bearing the 
[)i‘int of the I.ord of Raghu s world-worshipped feet and the 
emissary cloud is compared to Hanuniana and the Yaksha’s 
wife to Sita. Kalidasa loved Ujjain ; so did his master, and 
he could not leave it out of his poem. Though it is not in the 
path of the cloud marked out for it by the eternal laws of 
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nature, the messenger is expressly directed to make a diver- 
sion, telling him. 

Ah shouldgfc thou miss 

The glances brisk from lightning-startled eyes 

Of Ujjain’s fair thou wouldst have lived in vain. 

The court next shifts to Ayodhya and Kalidasa e.oities 
to our holy city. Here he commenced that most perfect 
epic in the whole range of Sanskrit literature, tlie R<ujhit~ 
mnsa, in which ho has delineated with a true poetic pencil 
the salient features in the history of “ that glorious dynasty 
which began with the sun and culminated after sixty genera- 
tions of blameless rulers in the incarnate deity and perfect 
man Rama. ” The poem hurries over the successors of Rama 
down to Agnivarna (No. 86 of the pre-Ma,habharata list). 
He had gone with his master to the Debi Patan at the foot 
of the Himalayas and describes the mountain scenery in the 
first and second cantos. He had a first-hand knowledge of 
the Digvijaya (campaign of universal conquest) of Chandra- 
gupta II {not of Samudragupta) and describes it in Canto 4. 
He had seen the holy confluence of the Ganges and the Jumna 
from the fort at Jhusi — a place from which even in these days 
the finest view of the junction is obtained— and paints it in 
Canto XIII. He had travelled with his patron from Ujjain 
to Ayodhya, had seen with his own eyes the desolation of the 
old city and was present at the inauguration ceremony of 
the new metropolis which he describes in Canto XYI. 

Unfortunately Baghuvansa was never finished. The 
great poet on receiving a call from his Maker selc'cteJ Sarayu 
for his final resting-place and consigning his immortal .soul 
to the care of the Lord whom he fervently woj’shippeil. left 
the works of his art as some of the greatest literary a.ssets of 
not only the Indian nation but of the entire civilised world. 


'A remarkably interesting note on tlie subject from the pen 
of Mr. F. G. Petersen has appeared in the October number of 
J.B.A.S., 1926. 
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8. AYODHYA UNDER THE JOG IS, RAISAS, SRI- 
BASTAMS, PARIHARS, PALAS AND 
GAHARWARS 

Jogis . — “According to tradition, Raja Bikramajit ruled 
over Ayodhya for eighty years and at the end of that time 
he was outwitted by the Jogi Samudrapal ; who having by 
magic made away with the spirit of the Raja himself, enter- 
ed into the abandoned body ; and he and his dynasty 
succeeding to the kingdom, they ruled over it for seventeen 
generations or six hundred and forty-three years which gives 
an unusual number of years for each reign.” * 

Bralimanisin seems never to have lost its influence in 
Ayodhya even under the Mauryas and after the withdrawal 
of the Guptas, a priestly government seems to have been 
established here, the entering of the Jogi into the Raja’s body 
only meaning that he stepped into his shoes. The reign of 
six hundred and forty-three years from the termination of 
the Gupta Rule in 480 would bring it to 1123 which is 
manifestly absurd. 

Baisas . — In the reign of Harshavardhana (606 — 647), 
Ayodhya was included in the kingdom of Kanauj. It may 
be interesting to note that coins of Pratapasila and Siladitya 
who have been identified with Prabhakaravardhana and 
Harshavardhana by such a high numismatic authority as 
Mr. (now Sir Richard) Burn, have been found in Bhitaura 
in Fyzabad district.’ The description of the city at the 
time of the Chinese pilgrim’s visit has already been given 
under head Buddhist Ayodhya. 

Sribasiams . — On the dismemberment of the empire 
after the death of Harsha in 647 the trans-Ghagra Sribastams 
(Srivastavyas) seem to have taken possession of the old 
capital and suburbs. It must be noted that after the depar- 

^ Oudh Gazetteer, Vol. I, page 3. 

’J.R.A.S., 1906, page 845. 
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tare of (luptas, Ayodhya was governed from a distant seat 
of government, and sometimes as independent and sometimes 
as semi-independent rulers, these Sribastams held sway 
over Ayodhya till the end of the eleventh century of the 
Christian era.’ 

Farihars.—hx the eighth century, A.yodhya hoeaiiu' u 
part of the dominions of the Parihars of Kanaiij "who had 
become masters of the country from Sravasti. lOO mile.s 
north-east of Kanauj, to the southern part of Kathiawar and 
from Kurukshetra on the west to Benares on the easl.'’'’ The 
most famous king of this line was Bhojadeva also called 
Adivaraha and Mihira who is distinct from his namesake 


’ The dispersion of Sribastams seems to have commenced in 
the twelfth century of the Christian era after tire Muhammadan 
conquest. As remarked by me in the Preface to my English 
translation of the Kayastha Ethnology, the Musalman kings could 
not dispense with the services of Kayasthas as revenue officers and 
Mr. Panna Lal,'‘ I.O.S., likewise a Sribastam, informs me that a 
Sribastam of Ayodhya was appointed the qanungo of Asolia par- 
gana, now in Unao district, in the thirteenth century, the functions 
of the qanungo in those days corresponding to tliose of tlie 
Deputy Commissioner — Settlement Officer under the British Govern- 
ment. We next hear of Sribastams as rajas of Araorha on t lie 
other side of the Sarayu. In the fourteenth century, Rai Jagaf 
Sinha, a Sribastam, was subadar of Siiltanpur. In 1376, the Dom 
Raja of Domangarh on the Rapti near Gorakhpur, demanded the 
hand of a Brahman girl of mauza Kurghand in the Amorim pargima. 
now in Basti district, and on his request being refused, confined llie 
family to the house. The girl on the pretence of a pilgrimage to 
Ayodhya went to Rai Jagat Sinha and implored his aid. Jugat Sinha 
attacked the Dorn and having killed him made over the girl to her 
father who was so overpowered with gratitude that he threw his 
sacred cord over the Rai’s neck saying that he had nothing more 
valuable to give. Rai Jagat Sinha accepted the gift and his descend- 
ants are still called Pandes. Rai Jagat Sinha was made Raja ui 
Amorha by the Delhi emperor and though his descendants were 
afterwards deprived of half their heritage by Suriijbansi.s. !fie\' 
held Amorha for a considerable period. 

Sribastams of Pyzabad and the surrounding districts are stili 
next after Brahmans and Thakurs, important members of the Mimlu 
community and claim such distinguished personage.? as Malmrai'a 
Tikait Rai, minister of Nawab Asafuddaulah, the late General 
Ramashankar of Balrampur and the late Hon’blo Rai Sriram 
Bahadur, O.I.B., of Ayodhya itself. 

* History of Sirohi BaJ, p&gQ 110. 
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the Pramara, and ruled for fifty years from 840 — 890. The 
Parihara Raja Raj pal was reigning in Kanauj when Sultan 
Mahmud invaded the country. In 1015 the Parihars were 
overthrown by (xaharwars under Ohandradeva. It was 
during the anarchy after the fall of the Parihar line that 
“ Saiyid Salar Masud (Ihazi made his ill-starred advance to 
Oudh when in the earliest Mohamedan invasion he and his 
army left their bones to bleach in the wilds of Bahraich.”* 
Oudh was then divided into a great many principalities 
but his chief opponents were, as the writer of the Oxidh 
Gazetteer remarks, the Sribastams of Ayodhya thougii the 
credit of victory is given to Raja Suhel Deva. 

The most famous king of the Gaharwar line was Govind- 
chandra Deva. In 1187 his grandson Jaichand granted 
the village of Komali to the Brahman Alenga of the 
Bharadwaj line and the copper-plate grant was found near 
Pyzabad when Colonel Aulfield was resident of Lucknow. 
I’he gods mentioned in the grant are Vishnu and Lakshmi.* 

Eight years after this, Jaichand was defoatad by 
Shahabuddin Muhammad Ghori and the Hindu supremacy 
came to an end. 


* Oudh Gazetteer, page 3. 

’ J.A.S.B., Vol. X, Part I, 1861. 



